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process currently approved by the United States Food and Drug Administration is vaiiable 
with regard to yield and specific toxicity. The toxin for medical use in the United States is 
produced by the Hall A strain as pait of a complex of at least six other proteins and is ■ 
purified by a series of precipitations and crystallizations. In this study, the toxin complex 
was examined at each siep in the purilicaiion scheme for toxicity tccoveitd* % solids, 
optical density at 260 and 278 nm» specific toxkiiy, and for the presence of ribonucleic 
acids. The resiilts show that the prooedttie is variable and dependent to ft laisede^ce on 
the individual components making up the growth metfiuro indicating nuiritionii] regulation 
of toxin formation. Ribonucleic add associated with the purified toxin complex was fourul 
at a levd of 0.3% and did not appear to be qsedfic. 

BotuUnal neurotoxin must be lyo^ized or fieeze-dried lo allow for shipping and 
handling of the leladvely delicate proteiiL Recovery of type A and B toxin activity 
following lyc^lization was dependent oi a number of variables. Conditions were found 
that gave >90% lecovery of the toxicity foBowmg lyophilizaiian of soliiions containing 20- 
2.000 mouse 50% lethal doses. Full recovery of t^ A and Bioxin complex toxicity as 
well as the purified ca. 150 UDa toxin molecale was obtained on drying 0.1 ml when the 
pH was maintained below 7 J) and serum att>umins or other {xotein exdpients were used as 
stabilizers in the absence of so^um chloride. Shelf stability was imfnoved by addition of 
trehalose to thesenun albtmun system but not by adifition of sucrose or maltotriose. This 
drying formulation allowed storage c^lyophilized type A toxin complex and purified type A 
neurotoxin at temperatures up to 37°C for months with minimal losses in activity. 

Inaciivation events which occurred during drying of ^pe A and B neurotoxin were 
investigated. The various drying [vocesses and fonnuladons cause varying degrees of 
inactivation of the loxin and formation of tfBcoid. Hiis toxoid adds to the antigenic burden 
of the material and funher increases die chances of patients developing neutralizing 
andbodies. The processes which result in the fomation of this toxtnd can involve 
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Chapter I 
IntFodDciion 



Members of the genus Clostridii^ produce some of the most potent neurotoxins 
known. Wthin this genus, the species CkMtridiuni tet^ j and gl ggiridioin ttotoliinjnit are 
probably the most widely known. Neuropoisonings dne to these orgmisms have been 
lecognized since antiquity. Hippocrates described a case of tetanus as follovi^ The 
master of a laige ship cradled the index finger <)f his Dght hand with the anchor. Seven 
days later a somewhat fool discharge appeared; then tnwUe with his tongge-he complained 
that hac^uld not speak properly...his jaws became depressed together, his teeth were 
locked, then symptoms appeared in his neck; on the third day opisihonius aj^eared with 
sweating. Six days after the diagnosis was made be died." Aldiough caused 1^ a similar 
neurotoxin, botufism is more subtle in its synqxoms. In contrast to the spastic paralyas of 
tetanus, botulism causes a flaccid paraly^ which may have gone undetected for many 
years as a disease. Niemann ( 1991) quotes an author of a lexibodc on poisons named 
Schanaq who described ihe producdon of a highly pomt toxin: 'Collect blood from the 
left vdia ofdie net^ of a black bull, fill it irdo an uminsed sheep gnu seal it dghdy and dry 
the content in the shade of a mutbeny tree. The powdered residue intermingled widi food 
wiU lead to death wiilun three days." This author may have described the first commennal 
drying operation of botulinum toadn as well! 

Botulinum toxin has been used thenpeatk:ally »nce the early 1 980^ in the 
treatment of spastic muscle disoxdecs thanks in large part to the efforts of DiSl Edward I. 
Schantz and Alan B.ScotL My research into the nature and stabilizalioa of botulinal 
neurotoxins is organized into eight chapters. The first is a brief, historical intiodoction. 
Tlie second chspier is a review of the cuncntliieratuie. It is m^io give die reader a 
general background on the subjea of aostridium botulinam and it's neurotoxin. It is by 
no means exhaustive. Further, more specific background inform^on is presented in the 
iniroductioa of the five succeeding chajHeis describing my research. These five chapters 
(HI- VXD describe original research and are arranged in the format of research articles. 
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been caused by an fwganism that phenotypicaUy closely resembled Q. batyricum bot was 
capable of producing botuiinnin nearoioxin (McCrosky et ai.. 1986; Aureli et aL. 1986). 
Again. DNA homology showed the organism to be C- hatvricum (Soen et al., 1988). ' 

C botulinum strains aie fuidier classified phenotypically by proteolytic activity. 
Group I oiganisms aie those that digest coagulated egg white or meat panicles and are 
considbed to be proietdytk as weU as saccbarolytic; Groiip n organisms are those (hat a^ 
consider^ non-proteolytic and sacdwolytic; Group III consists of those organisms that 
may or may not be pioieolytic and produce one or more of die loxin serotypes mainly 
considered to aOect birds and animah; while Group IV organisms are designated non- 
proteolytic and non-saccharolytic type G strains. Asummary of the various serotypes and 
their culture group is shown in the following (adapted from Sugiyama and Sofbs. 1988. 
and Rhodeharael et al.. 1992): 



Group I 

(pioieolyiic saocfaarolydc strains) 

All typeAstzains. 

proteolytic type B and F strains. 



Spores 
Oval and subteiminal 



Group II 

(non-proteolytic, saocharolytic strains) Oval and eccentric to 
All type E strains, non-pcoteolytic subteiminal 
type B and F strains. 

Group in 

(proteolyicornon-proteo^lics&sdns Oval and subiominal 

producing one or more of the foOowing 
toxin serotypes) 
TypcCi,C2. C3,andD. 



Group TV 

(■»^iraal]Plfc.noiKacclaroI,«ic Ovjlanisabtemuial 
strains) 

ADlypeG 



•he organism and toxin foimatxm. 



L VfC wiih anuximuni of 
4S°C(HaiiscliiId.l!K9X 

reponed B) be in the nnje of pH 8-9 (HoWs. 

As wi A aU ors^isn^ g,„wd, of C tfifflta 
.«il.hfe»:.cr(Aw). W«e,«d,ivi«f<»xisis««H,eo««,IWb,*e«ofs.l, 



(sodium chloiide) or sugars. With other conditions such as. pH. tempetatore. etc. being 
close 10 optimum, the maximum salt conceniiations for growth of group I and 11 organisms 
is in the imge of 10% (Aw = a94) for group I and 5% (Aw - 0.97) for group II 
((jenigeoisis, 1986). 

Redox potential lewds that will allow the initiaiion of giowthofCboluIil^ 
quite high for an obligate anaerobe, bong on the Oder of +200 mv if there are no other 
environmental stresses. One of the primary methods of inhibition of C hotnlinum in cored 
meats is inclusion of mtrite and nitrate. Nitrate is leduoed 10 nitrite which is the active 
compotnd. Nitrite is believed 10 leaa widi iron-soBur proteins such as ferredoxin to fonn 
iron-nitric oxide complexes. These claims are supported by the woric of Tompldn et aL 
(1978). In their woric, die addition of iron salts or ircHi ions counteracted the iidiibitoiy 
effect of nitriie while addition of inm-dieiating compounds enhanced the nitrite efGxL 
Nitrite has the additional aiBibuies of giving cured meats dieir pink coEoradon as well as 
acting as an antioxidant (Rhodefaamd ei aL, 1992). 

The presence of competitive microflora can allow the food processor to use tower 
levels of other preservative compounds such as niuitcs in semipieserved meats. Lactic 
acid bacteria are generally added to the product along with a fennentable carbohydrate such 
as glucose or sucrose. Temperature abuse of the product promotes rapid growth of the 
competitive nucroflora and fermentation of the caibobydiaie with a concomitant drop in the 
pH of the system. Some lactic add bacteria also produce bacteriodns which have been 
shown to be inhibitory to C hotnlinum under some oonditibiM fTanaka ei al., 1985X 

Thermal resistance of C. honiHnum endospores- 

Endospores of C bomlinum are of critical importance to food industries due to their 
very high thermal resistance. Spores of group I Q, boniTinnm are much more heat-stable 
than those of group n . (Zonsequendy, most work invdving diermal processing and D and 



been repoited to be 0.03^23 mm (TCMSF, 1980). 
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IL The disease. 

Foodhome hoiulism. 

The disease botulism is classically assodaied with ihe consumption of piefonned 
tosdn in OHitaminated foods. Ori^iiany,b]ood-sausagesweie]cnownto beacauseof the 
disease. The Udnwoid for sausage is fomAtf. The disease was fiist reported byvan 
Eimeneem in 1897 after an investigation of an outtveak in Belgium in 1895 (van 
Ermengem. 1979 translation). Hie causative org^nisni was recovered from inadequately 
cared, luisalted ham and had caused 13 cases of botulism, 3 of which were faiaL Hw 
nrgani-qn was named Bacillns botulinus bv van Eimengem. van Eiroengem showed (hal 
culture filtrates of this organism caused botulism in various animals and thai the agent was 
heat Ubile and stabilized by acid. Since (he time of van Ennengcm, botulism has been 
associated with many odwr types of foods as well as with oiher disease etiologies. Ihthe 
United States, the primary source of foodboine botulism is the consumption of improperly 
canned vegetables. Recently, the lai^outbrealcs of botulism in the United States have 
invohred restauiants. In erne the implicated food was improperly canned jalapeno peppers 
(Tenanova et aL. 1978); in another potato salad was implicated (Seals ei aL. 1981); and in 
yei another the toxin was formed in saai£ed onions (MacDonaldetaL. 19SS). Mostofihe 
foodhome outbreaks of botulism m the continental United States are caused by type A w B 
pmdncing siiains of C hoiulimim while 32 of 44 outbreaks in Alaska since 1944 have 
been caused hy tvpe E CL homlmum fWainwright et al- I986>. Type E CI hotulinum is 
usually assodated widi fish or other marine-retaied foods such as dried and smdced fish, 
fermented M/tait blubber, and seal meat stored under seal oil (Wainwright et al.. 1986). 



A ouch n«r onpe of botulism is caused by C bmham contammadon of a woumi 
subsequent growthof the orgamsm ax,d production of 0.c toxin « Wv« n«hcriha„ 
Ln-^onofthcpieformediaxia. TTiis «^ of botulism Utta^ed wound botuto 
analogous tothe discasecaused by aclosc rclaiiveofC fefitiifinimL namely £ ^ss^ 
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ism. 



• Infen^botuIismiscancnUyttefcadingcauseof^ 
disease iscaused by the ingestion of endospo« and gnjwu^ 
gctwidisobs«,«e«al««»pdonofihe.o«ntta^ InO^United 
Staicsbetwecn 1975 and 1991 them we^atoial of lOiacasesreportedtote 
which 4»««« caused by typeAC-ljorul^ 

JaaidilllinaU^ ^-a^-dy of 336 patients with infa^bonto, 

coneMon has been demonstrated between U)xin from st^^ 
cultniaWeClsiniliBHmCHia^ 1987j 



Toxins of (he difTeient Q, hotBlinmn serotypes m usoally produced in culture as 
aggregates of neurotoxin and other non-ioxic proteins assodaied into a polypeptide 
complex (Schantz. 1964; Sugu and Sakagucfai. 1975; Kozald et a].. 1974; Miyazaki. et al.. 
1977; Kitamura et al., 1969; Ohishi and Sakaguchi. 1974; Yang and Sugiyania, 197S; 
Ntikina et aL, 1987). Hiese toxin complexes vaiy in size from ca. 900.000 daltons for 
type ALL toxin complex CSchantz, 1967) toca.30Qu000daltonsforthe^BM complex 
(Kozaki et aL, 1974) and type E complex (Kitamura et al., 1969). to 23S.000 daltons for 
type F M complex (Ofii^ and Sakaguchi, 1974). Descriptions of the sizes of ttixin 
complexes has been confusing since various methods have been used in these 
detenninatioiis. Molecular wdght determinations of the various sized conylexes in the 
1960^s through the ISlffs was done with uhiacentrifagaiion and sizes were expressed m 
lenns of Svedberg units. The results of some of these studies aie shown in Table 1 
(adapted from Sugiyama. 1980). Toxin complexes aie desoibed as M for medium. L for 
large and LL for very large. According to Sugii and Sakaguchi (1977). during cultiue the 
proportion of one toxin complex vs. another is dependent on the growth m«Jium and 
conditions. A type B culuue grown in the presence of I mM Fc^^ produces an equal 
propution of L and M complexes while the same culture grown in the presence of 10 mM 
(HOduces predomuiantly M complex. 



Table I. Mokcol^r^z^ofyanousCls^sii^ 



toxin compJcxes. 



Sednnentation 
«=0i*« 

900 

L A,B,D 

«O.S0O 

.M A,B.Ci.D, 

'"-"S 235-350 



Ouchteriony diffusion (Sakag«;hi et al., 1974X 

*'^*'^*'«no'w«rated to be essen^ 



LD50 is such that ih« larger the toxin complex the lower the LDso indicating that there is a 
protective cfTect occurring in the gut Hie nontoxic proteins may also pnmiote absorption 
of the neurotoxin across the intesdnai barrier. Following absorption, the neurotoxin 
component occurs free in the lymph and blood of animals fed toxin complexes (Hecktey. 
1960; Sugitctal., 1977). 

Analysis by SDS-PAGE has shown that type A toxin complex consists of seven 
diffemnt nontoxic proteins ranging in size from ca. I7j000 dallons to 1 18^000 daltons in 
association with a neurotoxic protein of ca. 147 JOOO daltons (Gimenez and DasGupta. 
1993; DasGupta. 1980; Goodnough and Johnson. 1993. in picss). Isolated type A loun 
complex has a spcxnfk toxicity of 2-4 x 10^ intraperitoneal LD^)^g in 18-22g white mice. 
Specific toxicities of other& hotulinum toxin complexes aie type B M comploc- 4-9 x 10^ 
LDs(/mg. type Ci M complex- 3 x 10"^ LDSQ/mg, type D M complex- 8 x 10? LPsQ/mg. 
type E M complex- 1 x 10^ LD5(ymg. type F M complex- 2-3 x 10*7 LDSC/mg (Sugiyama. 
1980). and 8-9 x 10^/mg for type G (unpublished data). 

C. botnlinmn neurotoxin. 

The active neurotoxin of C hotulinum is a didiain molecule of ca. ISOkDain 
molecular weight The molecule is composed of two fragments or chains that are termed 
the heavy chain (He, ca. 100 kDa) and the tight chmn (Lc. ca. 50 icDa) that are connected 
by one disulfide Uflkage. The neurotoxin is synthesized by the organism as a angle 
polypqMide and undergoes posttranslational processing termed nicking to generate the two 
sqiarate chains by at least one protease (Figure 1) (Yokosawa et al., 1986; Kiysinski and 
Sugiyama, 1981). Tlie nicking event oceans in the cultuie flaid for proteolytic Q. 
^tuHnum and through the activity of an exogenous enzyme such as tryp^ in non- 
proteolytic strains (Yokosawa et aL, 1986. DasGupta. 1990; Kozaki, 1985). Various sizes 
and properties of bonUinal neurotoxins aie shown in Table 2. 
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nicked form 



1. Activaiion of £. IsanluBm neurotoxin fonning separate fteavy and lighi 
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were used in ihe early 1970s Id purify 
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unm from culture flnids without first ciysiaUizing the toxin (DasGupia et aL, 1970; Sugii 
and Sakaguchi. 1975-. Ohishi and Sakaguchi, 1977). Oihers used gel-filtration to obtain 
partially purified ^pe B uncin complex from cultaie fluids (DasGupu and Sugiyaina, 
1976). Type A ueurMonn is now generally purified according id the method of Tse ci aL 
(1982). 

With the inirodiicttoB of diffeient types of ibn^hange resins, cation-exchange was 
used tafurther purify neunoioxios that had been partially separaied from the non-toxic 
pitMcins of Ibe complex (DasGuptaetaL. I970;Sagiyamaetal.. 1974; DasGupta and 
Saihyamoorthy. 1984; DasGupta and Sugiyama. 1976). SP-Sephadex CSO (Pharmacia) is 
the most commonly used matrix for this type of chromatogra[diy- This type of ion- 
exchange matrix is not suiiaUe for initial separation of the neurotoxin from the non-toxic 
oomfdex proteins because of the faa that pH values under 7 are utilized at which the 
complex is stable. Neurotoxin is separaied from most complex proteins at sUghdy attaline 
pH values (DasGupta and Boroff. 1968). An alternative method of separating neorotonn 
from complex proteins is through the use of affinity chromatography (Moberg and 
Sugiyama. 1978). Toxin complex adsorbs lo p-aminophenyl-B-D-thiogalaciopyranoside- 
Sepharose at addic pH. The neurotoxin is then eluied from tfw cohimn at alkaline pH with 
sodium chloride. Type E neurotoxin has been successfully purified from ihe non-toxic 
protons of the complex uang high-pressure liquid chromaiogiapby (Schmidt and Siegel, 
1986). Fast protein liquid chromaiography has been used to purify types A. B. and E 
neurotoxins on aruon and cation exchange cdunuis (Woody and DasGupta, 1988). 

Biochemical chaiacteriaiion of boturmal newoioxins. 

The neurotoxia of type A botulinal toxin is a protein of ca. 147 kDa comfHised of 1295 
amino acids (Binz et aL, 199Qiy. Two peptide bonds may be cleaved during processing 
releasing a tetrapepdde (DasGupta and Ddcleva, 1990). The nicking occurs approximately 



one-third of Ite distance fn>n.U«N-,en»in«sofU«p^^^^ 

anuno adds and generics theneun,ioxic He aiKiUcann«^ 

bridge. In type A neurotoxin, the He and U have molecular weights of ca. 93.000 and 

52.000 daltons.^tivdy(Gimeae2 and DasGupta, I»3) which conesponds to the 

IHedic«rf„,olecdar«dghteeh«nU« 

ai, 1990: Niema™, 1991X TTk^ t«o chains a« connected by a disulfide bond between 
cys.ei«e«»idues430and454(GinienezandD«^ 1993; BinzciaL. 19903. 
Reduction of dris disulfide bond hysuithjdtyl reducing agents such as dithioitadtol or 
mercaptoethanolgcne^testhesepatateHcandLc. These individual fragments a«non- 
atone baiiec«w««id.ywl«arw«ibinrf 

aL. 1988). -n^eisasnbstantzaldeg^ofhomolo-ybeiv^entheHcandLcduinsoftte 

difrena.1 botulimnn se™^ « wen as to letanns toxin (Ni™^ 

1992X TT-^^P^tageidentiiybenveenihcami^^ 

U.eUftom«anns toxin andUfmmbotnlinum toxin types A, B.C,.a 
ftom32to5l%. T1««aic«gionsinthevariousncor«oxinsthata«si™tlycon«^ 
nianyofwhid.pcobablycon«b».e«,bk-ogical function. In the H chain. 110 amino acids 
of ca. 845 totalatcstrictly conserved. andintheLchain68ann«,acid^ 
aieconsen^d (Niemann, 199l;WhcUmetaL. 1992X The availability of the compteie 
ammo acidsequences has also levealed .he ptesenceofahigUyconsen^d^^^ 
hydmphobkaty in theHchain.possibIy involved in membnmef^^^ 
aIsoazincbindi„g„«^i„^Lchai„ofscnHypesA,B.D.E.andFp„t^^ 
nemoioxinsintothecategonrofzincme^JIoendbpto.^ 
ctaL. J992b). 
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Miechamsni of action of C. botupnimi neurotoxiq. 

The target of boailinal nearotoxin is the pnesynapac junction of motor Deurons. 
The proposed three step mechanism involves bindkig of the neurotoxin to the taigct cell ' 
surface, uptalce or translocaiion across the cell membcane and internalization via 
cndocyiosis, followed by the inhibition of lelease of the cholineisic neoiotiansmitier 
(Simpson* 1981. Niemann. 1991). Hie receptor itsdf has not been identified but may 
involve polysialylaied gangliosides or a qeciftc protein (Niemann. 199I>. Niemann also 
suggested that theie are at least two different types of receptors with differing afiinides. 
The low-afHniiy gangliosides are present in abundance (CritcMey. et aL. 1988) while the 
presence of a Ugh-affiniiy protein receptor that is comparatively rare has been suggested by 
otbeis (Yokosawa et aL. 1989; Evans et aL. 1985). This work was done with rat-biain 
and spinal cord membranes under lAysiological conditions. The existence of fu^-aCfinity 
protein lecepiois has been questiotted, bowever, since patbolo^cal effects of botulinal 
neuTQioun on brain tissue have never been observed di vivo after sysmnic administration 
(Niemann. 1991). The binding observed in vitro may be due to exposure of protein 
leceptois to the heavy chain of the neurotoxin during preparation of the membranes 
(Niemann. 1991). 

The He in all cases is believed to be the binding and iniemaBzauon trigger for the 
toxin molecule while die Lc catalyzes die inUlntion of synaptic vesicle release when 
internalized by the tai]gBt cells (Simpson, 1989X Lc is not talcen up by neutooal cells alone 
and He has no neurotoxic effects vddiont being linked to the Lc (Maisey et aL. 1988). 
Chimeric toxins have been created using ihe He of botuUnum toxin and the Lc of tetanus 
toxin thai show binding to the neuronal taiget of botulinal toxin, and paralysis by a 
mechanism similar to tetanus toxin (Welleret aL. 1991). Binding to lecqiiois is believed 
to be mediated by the C-iemiinal half of die He (Niemann. 1991 : Kozaki et al.. 1989; 
Motecucco, 1986). while die N>iennina] half <tf die He fadlitaies passage of die Lc diroogh 



mo«6rbtodtagofbo«>M„c™«,^«,,™«^ Hepn,p<«dU,atU» 
«noU«D=d«a™s heavy cl«i„c»«>.tedi^ 

bo™dlimioteUwer^Vg.niltei*wha,.lkM,d,eI^ 
high-afiiniOrpraieiB lecqMor. 

«=an,»B™w«d»wa„b..5p.cilicisofe™ofs,n^^ 
s,™ptic«sid«<Schi..o«al.l»»x VAMPi.»chc«,«,^»„j„„^ 

cl«™erofVAMP.2«>™j«cdwdl«irt.(«Wdb»i«,cf,«^^ 
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ofVAMP-2. The next botalanl toxin sootypeihat was shoim to cleave a syi^ 
profein was type F (Sctiiavo et al.. I993aX Type F neurot(»dn was shown to cleave both 
isof c»nis of VAMP at a unique Gln-Lys peptide bond present in both VAMP isofonifi. ' 
This sileconesponds toGln6(KLys61 of VAMP-1 and Gln58-Lys59 of VAMP-3. 

The spedfic intracellular taiE^ of type D boadinal neuiotoixin was shonm to 
VAMFSl Type DneuiotoxM cleaved both VAMPisoforms at a single sifB that 
conesponded to Lys6I-Leu62 of VAMP-I and LysS9-LeiifiO of VAMP-2. These cleavage 
sites aic one readoe down from the lacset oi type F neurotoxin (Schiavo et al., 1993b). 

Type A and E botulinal neurotoxin weA shown to have a different substrate than 
bonilinal loxin types B. D. and F as well as tetanus toxin. SoUner et al. (1993) have 
shown that SNAP-2S (synaptosomal associated protein of 25 kDa) and VAMP are pan of a 
muldcomponent 20S protein conqilex proposed to facilitate veacfe docking and fusion. 
SNAP-2S was shown to be degraded by types A and E neunMoxin (Sddavo et aL. 1993b: 
Schiavo etaL» 1993c). Thejpedfk:deaMge^wassiKnvBtobcindieC-tefnnnali6sion 
of SNAP-25. Using recombinant SNAP-25 the authors shamed that the cleavage sites for 
A and E botulinal neurotoxins aie separate and cotrespond to GInl97-AisI98 for type A 
neuroundn and ArglSO-DelSl for type E netuotoxin. 

The fmdings that botulinal toxin types B, F. and tetanus toxin have the same 
protein substrate which differs from thai of toxin types A and Ecwielaies well with die 
eIectrophysioik>gical data diat have placed the toxins in the same groups (Molgo et aL. 
1990). 
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Table 3. Uses of ciystaaine type A boiuUnal toxin in the treatment of spastic muscle 
disorders (adapted from Scbantz and Johnson, 1992; Jankovic and Biin, 1991). 



Strabismus 
B]q>harospasm 
Hemifaciai spasm 
Eyelid disonlers 
^Msmodic toftirolltif 

Oromantfibular and lingual 

dystonias 
Focal dystonias of the hand 
Spasmodic dysi^bonia 
Neurogenic bladder 
Umb spastic^ 

incbiding cciebal palsy 



Crossed eyes 
UnconttoDaUe blinking 
Facial twiichkig and spasms 
Inward turning of eyelid 
Abnonnal moiwementof head and 

Sustained mouth dosuie or 

lii^gual muscle contractions 
Wrilet^s cramp, muacian's cramp 
UncontroUaUe vocal spasms 
Abnoimal urinaiy conlid 
Occurs following suoIks; other 
neurologic disorders 



shown locauseadveiseeffects. Large dose applicad, 
tn=aUx.entofspas«K>dicUKdcoIIis(>I00U>50Jonai^^^ 



■n«^«seofbottUmun,,oxini„Iowdo3e3pplicadons(<20U^^^ 

ions such as those used in the 

a number of 

(Borodfcei A. 1991;SieU«il. I98S). 
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subsiandaUy whidi may paidy explain its idaiivdy low qiecific toxicity (2-4 LDs(/ag. 
Botox® product insert) in the comnwidal product supplied to physicians. 




Kg»«2. SDS-PAGEofp„rificdw«A««oxin»dcn«olIi«OTeAwxmc«.pta 

8>l««»id«^II8UJ..na*tepl,«pko,,h«lK98IcD^b«i^ 

ov*«ni..4SH,..«rtx»ic«J,,d«..2!,kD«(SignuaKniic..Cb..^ 
All lanes contained 4^ Jig protein. 



vt pgtectfgn of qostHdiym bWgHnym \mm. 
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Bioassaiy. 

Detection of the toxin of gpsiridium botaliqun] has been a coocem since the tune of 
vanEnnoigenimtlielatB ISOCTs due toils presence as a cmtaminant in improperly 
handled foods. The classic ineifaod<tfdeiecdon is bioassay in animals, nitsmtihod 
involves the injection of culture supernatant into a sQscq>iibIe animal model and observing 
the animal for oven signs of bomllsm with an endpoinc of death. Tbequalitaiive method of 
detecdon involves intraperiiDneal injectfam of ai-0L5 ml of culmre supernatant into 18>22 g 
white mice followed by observaiini for qgns of bouilism for the next four daysL AmoiaJs 
that show signs such as labored beeadiing and a omiraction of the oblique musdes of tb^ 
abdomen within 2-24 h will usually die within the four day period. Serotype of culture 
supematanis ihatshow the presenoe of bomGuium toxin are determined by mixing samples 
of the toxic fluid with monovalent antiscn that are qiecific for a single botuKnal type. 
Confinnadon of the presence of botulinal toxin is given when a single serotype of 
antiseium neutrafizes the loxic effect TIus presumes that Uiere is only a single serotype of 
toxin present in die sample. Asampie could contain two difliacnt serotypes of toxin diat 
were produced fay either a mixed population of botulinogentc organisms w by a single £. 
ilQQiEmynstrainasinlhecaseof Afprodudngsttatns. It is also possible that interfering 
substances from the sample cause death. In sudi cases, monovalem antisera mil not 
piDiect the animal but dilution of the sample usually suffices to reduce this occurrence. 
Quantitation of botulinum toxin is done in terms of the amoimt of toxin needed to IdOl 
of a population of test animah. This amount is tcnned I LDsq and is a statistical 
measurement based on the number of anintals in each test group and the susceptibility of 
die test animals to the toxin. Quantitation is usually done with S-10 animals /dilution and 
die results plotted semilogritbemically mth % death on die vertical axis and dihttion on die 

I 



horizontal axis, -n^ point at *iiich Ac line connecting % death at each dilution cn>sses 
50% isibedaurion that contains 1 LPsoTinjcction volume (Schantx and Kauticr. 1978). 
Fn>mU,iscurvetfaenumberofU)50i«theorifiinaIsampleiscafc^^^ Thismeftodis 

boihexpensive due to the animals used and timeconsimiii^g as well Ihcse 

other methods of detecting botulimim toxin have been devised 

An alternative method of determining the amoimi of active botolinum toxin in a 

saropleisU«initavenogstinK>.tOHleathmethodofBoi^ TWsmethod 

invohre^injeciionofasampleintoiheiailveinofaniinniobi TT«iin,e-io- 
death is noted ami conveiied to the number of intraperitoneal LDM 
piepaiedtisingthedUirtiontoextiiKiiaidcthodofSchante -n^ 
method is fastand relatively accuniieCt20%X DiawbacksK> this method are the 
prepa«tionofthestandaidcum:andtI«i«dforahigherk^loftechnk:alex^ The 
n«thodisalsoappUcabIeonly^iheamo«mofiDxininthesamplefallswith^ 
linear portion of the standard curve (1 x lOS- 5x 10^ LDsQ/knl of lype A toxin). 



Antibodies raise against detoxified botulinum toxin specific to a single serotype 
have been used b a number of ways to detect and quaniiiate the amountof toxin in given 
sample A few of these setotogic methods are prescMedbdow. 



M5!avelKmaggt..tinaHY- 
Passive hemagglutination involves formalin treaied sheep red Wood cells that are 
conjugated to toxin molecules or fiaga^tts Of toxin molecalesw^ 
hemaggluttmition uses antibodies specific lo individual toxin serotypes conjugated to blood 
ceUs (Gordon ei al. 1 958; Johnson et aL, 1966; Sakaguchi et al.. 1974). 11.0 assay is 
done by addxi^ dilutions oftheconesponding toxin sample or antitoxin s^^^ 
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sensitized sheep ted blood cdls in a microtiier plaie and examining the plaie for 
agglutination of the Uood ceQs. It has been reported that the sensitivity of the reversal- 
passive hemagglutination assay nsng polyclonal IgO aotitxidies purified affinity 
chiDmaio^phy and coniugaied lo sheep red blood cells was as low as 8- 10 Lpsc/ml for 
types A and B toxins (Salcaguchi et aL. 1974). The method of reveised-passive 
hemags^uiination saffers fkom some of (he following probfems that ire not unoonunon to 
other antibody based botulinum loxin assays: 1) the assay does not dtsdnguish between 
biologicaOy active toxm and inactive toxin; 2) cmss-reaciion is seen between different 
serotypes presumably due to the quafiiy of the coopIedanalKKfies; and 3) 
hemagglutination is a characteristic of some of the botulinal toxin complex proteins, 
spaaRcaHy A, B, and F. and may be a characteristic of other components of the sample 
being tested. 

ImmunodifTusion. 

ImmunodifTusion has been used to detect botulinal toxins in a manner analogous to 
the Ouchtertony assay (Crowle. 1958; Wadsworth. 1957) whereby toxin and antitoxin 
specific for a given serotype of toxin are allowed lo diffuse toward each other through agar 
or agarose. At the point a which the two preparations coRverge, a visible line of 
immonopiecipitaie is formed (Vennilyea et aL, 1968). There are variations on the 
tedmique using micioscope slides (Vermilyea ei aL, 1968) as well as capillary pipets 
partially fdled with antitoxin mixed with agar (Mesiran(hea. 1974). This method suffers 
from a lack of sensitivity (on the order of 300-500 LD50/ml) as well as not being able to 
distinguish between active and inactive toxin. 



•«*««lvmli«io«<*l««,ii™«,«,^ 
■■aiulliiig and disposbig of ihem. 
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presence of aniibodies that react to epitopes common to more than one serotype of toxin w 
to epitopes common to nwi-toxic complex proteins that contaminated the toxoid (Somers 
and DasGupta. 1991). There are numerous regions of homology that are conserved 
between the individnal serotypes of tO(xin (Niemann. 1991;WhelanetBL, L992; Tsuzukiet 
al., 1988). Tbet solution to the fiisi difiBculty. namely, contamination of the toxm antigen 
with non-«)xic proteins from the complex can not fae avoided entirely. However, 
neorotoxin preparations for use in antibody production can be made that aie purified to the 
extent allowed by modem cImnBaiQgiaphy. Hie difficulty arising from the presence of a 
subpopulation of antibotfies reacting to conserved regions of difSsrent toxin serotypes in a 
polyclonal pool has been addressed by the use of ntonoclonal antibodies (Kozaki et aL, 
1986; Gibson et aL. 1988; Feneira et al.. 1990X An addidonal diflicnlty in the use of 
ELISAs for detection of boctdinum toxin is the fad that die detection levels fbrmost of the 
assays are in the range of 20- 10.000 LDjf/ml (Noteimans et aL, 1978; Modi et aL. 1987; 
Goodnough et al.. 1993; Gibson et al., 1988). A method using snake venom as part of an 
amplification system to de^t bomlinum toxins has recently been published thai claims to 
be as sensitive as the mouse bioassay delecting ca. 10 pg of neurotoxin (Doelgast et aL, 
1993). 

Q^hers- 

The polymerase chain reaction (SaOd et al., 1988) has been successfully used for 
detection of Clostridium hntoKmim in culture media (Szabo et al.. 1992). Hiis method 
used a set of primers specific for the type B toxin gene. Hie method detected as few as 100 
fg of the target DNA (ca. 35 cells). The major drawbadk to this method is the fact that it 
can not distinguish between the organism and ihc etiologic agent, the toxin. TTie organism 
may be present without producing toxin as in die case of the dormant endospores. Its 
sensitivity is likely to be less in foods. 
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solutes, die shelf temperatuie, and on Uk presence of partic^^ 
nucleation sites. The degree of sopercooBng detenniaes the si2e of iheaystak and 
ihetefcwe is intimately associated with dw snucture of die fieeze-dried product Hw iugber 
die supeicooting. die smaller die ice crystals and die smaUer die pores in die amorphous 
solute matrix. Smaller pores have a laiger surface area don btgcr pores and so fedUu^ 

bodi primary and secondary drying. 

. primary drying is a iKOcess of mass transfer from dw frozen vials to die condenser 

of die freeze-drier. For suUiroadon of each gram of ice. ca. 1^ liters of water vapor 
passes dironghdiepaitiany dried cake of material in each vial (POcal. 1990). Theraieof 
sublimation is dqiendent on die dif feienoe in pressure between die water vapor in die 
frozen produtt and die condenser of die chamber. The resistance lo collection of die water 
vapor is dependent on vial aze and shape, stopper configuration, and resistance across die 
partially dried cake. The first two can easily be coniroDed while die resistance to water 
vapor escape duough die dried product can be controlled by dwfreering process and dK 
degree of supercooling of the soludnn. Temperature of die material is slowly raised during 
primary dtyii^ which also contributes to die rate of sublimation. Primaiy drying ends 
when all of die ice in die vials has been removed. Ihe partial pressure of water vapor 
present in die drying chamber is neariy equal to die total daring primary drying but drops 
sharply at die end of primary drying. 

Secondary drying bepns after die ice in die vials has been removed and continues 
until die final percent moisture levels have been reached. Fornoo-proieinqrsiemsdiis 
level may be less dian 1% while protein products typically contain op to4* water. This 
difference is primarily due to die differences in fonnulaiion widi protein products using 
higher levels of ctyoproiecianis such as carbohydrates which have high levels of water of 
hydration (Franks. 1990). 



Etcinii-nl. j„ 
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lepladng the water molecules that are mvolved in maintaining the teniaiy stnicoue of the 
molecule during lyophilization. Such an idea is leiined the water replacement hypothecs 
and was proposed by Saenger (1989) and Otting et aL (1991). Others (Levine and Slade, 
19SS; Franks et al.. 1991) have argued that the tendency for cacbohydiates to fonn glassy 
states does not allow the raotectdar moveiRem needed for the protein of interest ut undergo 
degradative reactions. 



37 



«unan.2to«nADP.nbosylatesacun. Naiuie (London). 322:390-392. 
«ioogKally assayed u^xininOoa^ 

EttviroiLMiciobioL 38:2ff7-30a ™«™WeAaift«e fluids. AppL 

1990 Tl« 

clostndud neurotoxins. J. BW. Chem. 265:9 153.915& 

BlausiEin. R., W. Gcan«,„. A. Fmkeblein. and B. DasGuota. 1987 th m - 

of the heaw dum " » *^«uupia. 1987. The N-icrminal half 

phosphohpKlbilayea.FEBSLcam. 226:II5-12a 

BorofC D. A., and U. Fleck. 1966. Siadsiical analysis of* ™™vi ■ - 
(eds.). Willams ai mUn, naUMnt. Bahtaore. MD. 



38 

Colaco,C,S.SeiuM.Thangavelu,S.Pinder,andB.Roser. 1992. Extraordinary 

stability ofeniymes dried in trehalose: sinapUfiedniolecdarlHology. BkMechnoL 
10:1007-1011. 

Ciitchley,D.,W.Habig.andP.Hshman. 1988. Characterization of leiamis toxin 

l»iK&ig by neural dssue. In Neurotoxins in neurochemistiy^ J. Dolly (ed.). Ellis 
Harward Series in Biotechnology, J. Wiley and Sons Publishing 

CrowlcA. 1958. Asimidiriediniciodoiibl£difrusioaagarimdpitintechniqa& J. Lab. 
CUn. Med. 52:784-787. 

DasGupta.B. 1980. RlwnmplMWttie analysis of nostridiiini hofafinum types A andB 
hemagghitinins. Can. J. MicrobidL 26:992-997. 

DasGiipia,B. 1983. Microbial food toxicants: rimaridmm hotnlinum toxins, n. 25-54. 
In Handbook of foodborne diseases of biological origin, MilbslavRechdgl. Jr. 
<ed.)i CRC Pless. Inc.. Boca Raion. FL. 

DasGupta.B. 199a Structure and biological activity of botulinnm neurotoxin J. Physiol. 
CF^. 84:220-228. 

DasGupta. B. and D. Boroff. 1968. Chromaiographic isolation of hemagglutinin free 

neurotoxin from crystalline toxin of Cloiaridiuni botulinoni type A. J. BioL Chem. 
243:1065-1072. 

E^isGupia, B.. L. Beery, and D. BoroCi: 1970. Purification of nostridium hoiulinmn 
type A toxin. Biochim. Biophys. Acta. 214:343-349. 

DasGupta. B. H. Sugiyama. 1976. Molecular forms of neurotoxin in proteolytic 
Clostridium bptulinum type B cul tores. InfecL Immun. 14:680-686. 

DasGupta. B.. and M. Dekleva. I99a Botulinum neurotoxin type A: sequence of 

amino adds at die N'-terminus and around the niddng site. Biochimie 72:661-664. 



W A boiulmom nenroioxiiL ToKiom 22:415-424. i~™ « 

'>^«™s,«^K«««a■nemI««. BT.lBiochem. IS4:40M16. 

^^.m, ^^t^.^^,.,,^ ^^^^ 

«Wf-n*febiologKals. Biophami. 4-3»-42. 

Sys«eni- J- AppL BacterioL 64:285-291. 

132. 97.72. 42. ™I„kDfa^,^ 1 l-WWn Qcm. :2:349.3M 



40 

G€»dnough, M., B. Haaimer, H. Sugjyanu. and E. Johnson. 1993. Cofony immunoblot 
assay of bonilinalwxin. AppL Environ. WGciobiol. 39:2339-2342. 

Goodnough,M. and E. Johnson. 1994. Reoovciy of type A botulinal toxin following - 
lyophilization. In Ftolein fomnilations and deliveiy. J. Cleland and R. Langer 
(eds.). American Chemical Sodeiy Sympoanm Series. ACS Pbblishing. New 
York. NY. 

Goodoottgli. ML and E. Johnson. 1992. StabOizadon of botulinum toxin type A during 
lyophilization. Appl. Environ. Microbiol. 58:3426-3428. 

Gordon. J.. B.Rose, and A. Sdion. 19S8. Detection of nonpiecipiutinguitibodies in 
sera of individuals allergicio ragweed poUlen by an in vifr» method. J.Expd. 
Med. 108:37-51. 

Hall. J.. U McCioskey. B. Pincomb. and C Hatheway. 1985. Jsolatton of an organism 
lesembEng Clofstridmm ^r^fij wfaVii pnNlnces type F boiiilinal taaan fiom an infant 
with botulism. J. Oin. MicrobioL 21:654-655. 

Hatheway. C 1989. Bacterial souioes of clostridial neurotoxins. In Botulimun 

neurotoxin and tetanus toxin. L. Simpson (cdO. Academic Ptess. lac. New Yofk, 
NY. 

Hatheway, C, and L. McOoskey. 1987. Examination of feces and serum for diagnosis 
of infant botulism in 336 padents. J. Clin. MicrobioL 25:2334-2338. 

HaBSchiId.A. 1989. Onsiridium hotnlinum. /» Foodbome Bacterial Pathogens. M. 
Doyte (ed.). Marcel Ddtker. Inc. New York. NY. 

Heckly, R.. G. Hildebrand. and C Lamanna. 1 96a On the size of the toxic paitide 
passing the intestinal bairier in botuIi»n. J. Exp. Med. 1 1 1:745-759. 



Hobbs» G. 1976. aostridinm hotulinum in fithwy prnHnrtc Adv.FbodRes. 22:135- 
18S. 



ICMSF(Inien»doaa,Ca««nissic»for^^ 

ecology of foods: factor aifcctiBg life and death of rafciDorgamsms. voL 1. 

JoIu,son H K-Bienner.R.AngeIotti. and H. Hall. 1966. Serological studies of types 
A. B, and Ebonilinaiuains by passive hemagglutination and benionite 
floccttlatioo. I. BacierioL 91:967-974. 

'^'^'^^r^-^'^'^'^''^^'^'^^^^- 1969. SignificanccofiaSioxinofC. 
HaallBiaH type E J. Bacteriol 98: 1 173-1 178. 



Kozald. S, A. MiM. Y. Kamau^ j. Ogasawara. and G. Sakaguchi. 1989. 



> intsof 

D type A ncuroiown and inteactioo of the fiqgincnis with 
synaptosomcs. Infea. Immun. 57:2634-2639. 

''''I'^WA.B.B.aifmm^Jf^j.lM.SABUA. 28:70-72. 

demvaiivetoMn- InftcL Immun. 52:786-791. 

'^"^r^'r''''''''^''* andCSakaguchi. 1985. Activation of QffindiBai 
totatypeBandEderrivativc toxins with lysinesp^^^ FEMS 
MicrobioL Lett 27:149-154. 

KrysinsIci.EandaSugiyama. 1981. Natun:ofint«oeUuIartype Abotulinum 
nemotoxm. Appl. Environ. Microbiol. 41: 675-678. 

U™e.H,»dUSU*. 1988. Noa..,.aari™bch«i<,,of».Hc«l,*,dn«»«,er 
syaems. Pine AppL Cbnn. 60:1841-1864. 



42 

MacDonald. K.. R. Spengler, C Hatheway. R Gai;gien, and M. Cohen. 1985. Type A 
botulism from sauteed onions. J. Am. Med. Assoc. 253:1275-1278. 

Maisey, E, D. Wadsworth, B. Poulain, C. Shone, J. Melling, P. Gibbs. L. Tauc, and J. 
Dolly. 198S. Involvementof constitoent chains of botalinura neurotoxins A and 
Bin the blockade of newotranCTioer release. Eur. J. Biochem. 177:683-691. 

McCroskey, L., C. iiuheway. L. Fencia, B. Plasolini. and P. Auieli. 1986. 
Oiaracierization of an organism dut produces E bou^ 
resembles Clgs i ndiw n butyricum from the ftces of an infant with type E boadism. 
J. CUd. Microbiol. 23:201-202. 

Mestiandiea.L. 1974. Rapid detection of CloiMridmni homliimm mm hy capillaty mhft 
diifusion. Appl. MicroUoL 27:1017-1022. 

Miyazaki* M. Iwasaki. and G. Sakagochi. 1977. Qopffi id TV"^ boculinum type D toxin: 
puiifxadcft. molecular stniciure ami 50ineimmiinok)giceIpropeit!es. InfixL 
Itnmun, 17:395-401. 

Moberg, L.. and H. Sugiyama. 1978. Aflinity chromatography purificatior. of type A 
bctulinunt neurotoxin from crystalline toxic complex. Apjd. Environ. \ncrobioI. 
35:878-880. 

Modi. N., C Shone. P. Hambleton. and J. Melling. 1987. Amplification systems la 
EUSA: use of NAD lecyding system in the immunoassay of Clostridium 
bot^finffln toxin ^pes A and B in food. In Advances in immunoassay for 
veterinary and food analy^s-a second iniemational symposium (July 1986) held at 
the University of Suney. Guildford, U.K, B. Monis. M. Clifford, and R. 
Jackman (eds.). Elsevier Applied Science Publishers. London. 

Molgo. J.. J. ComeUa. D. Anagaut-Petit, M. P&cot-Decfaavassine. N. Tabti, L. Faille. A. 
Mallait.andS.Thesekfir. 199a Presynaptx: actions ofbotulinal neurotoxins at 
veitebrate neuromuscular junctions. J. PhysioL (Paris). 84:152-166. 



Moatecucco^C 1986. How da «anos and botalinum iaxii« bind lo neuronal 
rocmbranes? TTBS. 11:314-317. 

Moriishi K..B.Syu.o.N.Yokosawa.K.Qguma.andM.Sai«,. 1991. Purification and 
<*«cttri^ationof ADP-ribosyW^ . 
ilfllHiiimiypeCandDstrainsL J.BacterioL 173:6025-€029. 

Moata<^R,C.Wome«Iey.L.Ciowe.andJ. Crowe. 1984. fte^rvauonof 
fim^onalintt^tydiHinglonfiteiins^^ 
. Biocliem. Biophys. Acta. 778:615-619. 

NiemamuR 1991. Molecular biolofir of clostridial „en«,toxin. In Sounreboofcof 

'^r^'^'^^^ '^^'-P^i'^). p. 303-348. Acadenricftess 
Ltd., London. 

Notennans.S.J.Dufiainc.andM.vanSchothon«. 1978. Enzymelinked 
j™mu^rt«ntassayforde»cri<«of£a^^ 
Med. Sci. Biol. 31:81.85. 

a«lriiftrmhw ii H n m w»OprogatfM,Mci.L ZH.aJa.HM.26&220.. 

OMSK I. 19S4. 0.1 u«mcs rfCteirijiw hmilinn.. .ype A «d B .»»«fl„ 
different strains. Infect. Iroraun. 43:487-490. 

AppL MicrobioL 28:923-928. 

OIushi.I.«daSakaguchL 1977. Activation of botuUnum toxins in the absence of 
mcUng. InfecL Immun. 17:402-407. 

OMAi.l.S.S,«d.-«laSd^i. 1977.(Wu>xidti«ofar!addimtoto 
iom« m respow to motaahrsia. Wte. Immun. 16: 107-109. 



Otting, G., E. Uepinsh^ and K. Wuihiich. 1991. Protein hydration in aqueous solution. 
Science. 254:974-980. 



Pikal,M. 1990. Freeze-dryingof proteins, pan I: process design. BioPham. 3: 18-27* 

Poulain, B., J. Wadswoiih. C Shone, S. Mochida, S. Lande, J. Melling, J. Dolly, and L. 
Tauc. 1989. Multiple domains of botuiinun neurotoxin contiibute to its inhibition 
of transmitter release in Ap/yna neurons. J. Biol. Cbem. 264:21928-21933. 

Rhodefaamel. E., N. Rukma. and M Pierson. 1992. Botulism: the causative agent and its 
control in foods. Food OmuiqI 3: 125-143. 

Roser.B. 1991. Tielialosediyiiig: anovelpeplaoementforfieeze-diying. Biophaim. 
5:44-53. 

Saenger, W. 1989. Siractme and dynamics of water sunoundii^ bioraolecules. Ann. 
Rev. Biophys.Biophy& Cbem. 16:93-114. 

Saild. R.. D. Gelfand, S. Stoffd. S. Scharf, R. Higuchi. G. Horn, D. MuUis. and H. 
Ehrlich. 1988. Pnnier-daectedenz^aticampIincatioaofDNAwitha 
thermostable DNA polymerase. Science 239:487-491. 

Sakaguchi.G. 1983. Clostridium hoinlinum tnxirK. Pharmacol. TTienip. 19: 165-194 . 

Sakaguchi, G.» L Ohishi, and S. KozakL 1981. Purification and oral toxicides of 

Clostridium botulinpm piDgenitor toxins, fn Biomedical aspects of botuUsm. C. 
Lewis (ed.X p. 21-34. Academic Press, Inc.. New York. 

Sakagochi,G,S.Sakaguchi,S.Kozaki,S.Sugii. and L Ohishi. 1974. Cross reacuon 
in revcBed pasave bem^ggjndnation between Clostridium boiulinuni type A and B 
toxins and its avoidance by the use of antitoxic component immunoglobulin isolated 
by affiniiy chromatography. Jpn. J. Med. Sci- BioL 27: 161- 170. 



I 



«dK^.„.(ed^^B«^ p,^^^^^^^ ^^^^^ 

u. S. Deputmcntof l*aift.E*.aiion. »d Wdfii, Public Healih Smice, 
CmciimalL 

X.Assoc. Off. AnaLCIieni.61.-<>S-99. aiuimuioi raran. 

■M'^lVpfWeoWccltaviieofjyiapai.ivij^ Hatuie. 339:832.835. 

Bon*n«n,tea,„ji„eim«ini. J. BW. Own. J67: 23479-23481 
ScM.™ G. C.Sho«.O.Ro««<.F.aG.Al«™,d.r,--CM«»„^ ,993. 
VAMP/sjrapioheriB. J. BW. diem. 268:11S16-I1S19. 

Sch-v^O-.O.Ros«m^s.C.Bic^P.P„,«i„fcl^B,,,,j^^ 

Bcfcn,D.«dCMo»«„ccc 1993b. Idc«r«d.„ofd«™„<™i«Ia^ 
^^^»l™,m»e««,^,«^A.D.«dE. J. BkH. Che. 268:237»r^ 

"dC^^«^ BoluIto™se™yp«AaHiEcle.vcSNAP>.2S« 
<l»UmCOOH.Bmiind,«pUdcb«od,. reBS.I«L 33539^1^ 

pcrfonna««He»±«wccta«nalojr»pby. Anal. Blochcn,. 156:213-219. 

SC...AJ989. Ck«ri<W«„ta.„te^.8^ /» Bo^l-^.^.^ 
«»»taxm.uanp««.(cd.).p.91.,04. Ac^ta-ic S» Diejo. 



Seals. J. Snyder. T. EdeU, C. Hatheway, J. Johnson, R. Swansoit, and J. Hughes. 
1981. Restai]iant-as80GiatedtypeAbohiIism:iTadsmusionbypocau Am. 
Epidemiol 113:436-444. 



Simpson. L. 1989. Botulinum neuioKuun and leianus toxin. Academic Plnss, San 
Diego. CA. 

Sollner. T.. S. Whiteheart, M. Branner. H. Eidjument-Bromage. S. Ceromanos. P. 
. Tempsu and J. Rothman. 1993. SNAP lecepuxs implicaied in veside taigedhg 
and fusion. Nature 36231S-324. 

S<»nen.&.andB.DasOupta. 1991. aostridimn hotalinmn types A. B. Ci . and E 

produce pnjfeHB with or without bemagglutinating activity: do they share conunon 
amino add sequences and genes? J. Procdn Chem. 10:415-425. 

Smith. L.. and H. Su^yama. 1988. Botulism, the organism, its toxins, the disease. 
Chailes C. Huxnas PUblislier, SptingHeld, ILw 

Snipe,P.andRSommer. 1928. Studies of botulinus toxin. 3. acid piecipitaiiffii of 
botulinns toxin. J. InfecL Dis. 43:152-I4Sa 

Stell* R., P. Thompson, and C. Marsden. 1988. Bouiltnum toxin in spasmodic tonicdlis. 
J. Neurol. Ncurosurg. Psychiatiy 51:920-923. 

Suen. I.. C. Hatheway. A. Stdgerwalt. and D. Brenner. 1988. Genetic comfirmaiion of 
identities of neuroioxigenic Clo^diufn j^ a p ft j and Clostridium butyricnm 
implicated as agents of infam botulism. J. Clin. Microbioi. 26:2191-2192. 

Sugii.S.,andG.SaIcagudu. 1975. Molecular consmiction of C. hotutinum type A 
toxins. Infect Iraniun. 12:I262-127a 

Sugii.S.,andG.Sak^ochL 1977. Bonilogenic pn^wities of vegetables with spedal 
reference to the molecular ^ze of the loxin in them. J. Food Saf. 1:53-65. 



Sagii.S.,LOhishi.andaSakaguchi 1977. lalesdnal absoqitian of botulinum 
of different molecular sizes in nus. WecHmmun. 17:49M96. 

Sugiyama^H. 1980. Clwtridiyni \Kttlflmm neurotoxin. MicrobioLRev. 44:419^8. 

Sngiyaina.H,B.D«Gupra.andLOIushi 1974. Dfaaffide-inimuBOficnia^ ndati^ 
of botulinal toxin. Proc. Sec. Exp. Biol. Med. 145:1306-1309. 

Sugiya»a,H.,a«dJ.Sofos. 1988. Botulism. In Developments in Food Microbiology. 
- 4. R. Robinson (ed.). Elsevier Applied Sdenc*^ New Yoifc, NY. 

Sabo.E,J.Pfemberion.andP.Desmarchelier. 1992. Spedncdeu^uonofOfiarito 
JlMUlUimtypeBbyiisingihepolynieiaseclB^ Appl, Environ 

MicrobioL 58:418-42a 

Tanaka.RL.Meske.M.Doyfc^ETVnisman.D.TT,.yer.andR.Joh^ Ph„, 
tn^oftonn««te^.hla«icacidh.c««a.s^ ^i^^ 
L Food Piroi. 48:679-686. 

Tcmuiova.W..J.Bieman.R.Locefy.andS.SpeckL 1978. BonUism type B: 

cpidemiologicaspecisofancxlensiveouibieaiL Am. J. Epidemiol. 108:150-156. 

Tompkin,R..L.ChrisUansen,A,Shaparis. 1978. Enhancing nitrite inhibition of 

gpStridtym ^pn1^fTnPm with isoascoibaie in pieishable canned cured meaL And. 
EdviroiL MicrobioL 35:59-61. 

Tse.C.J.DoIly.P.Hambl«on.aWny.andJ.Melling. 1982. fteparation and 

diaiacienzation of homogeneous neuimoxin type A from Qs^mim ijfiflilinam. 
Eur. J. Biochem. 122:493-500. 

Tsuznld. t N. Yokosawa. B. Syuu,. L Ohishi, N. Fujii. K. Kimura, and K. Oguma. 
1988. Estabfishmentofamonoclonalwtibodyrccognianganantigenicsile 
common to huBiliimni type B. C 1 . D. and E toxins and tetanus toxin. 

IhfiecL Immun. 56:898-902. 



vanEnDengenifE. 1897. Ubereinenneumaiiaerobec Bacillus und seine Beziehungm 
zum Botulismus. Z. Hyg. lofektionskr. 26:1-56. 

van Erniengem. E. 1979 translation. A new anaerobic bacillus and its relatioa to botulism. 
Rev. InfecL Dis. 1:701-719. 

Vcmilyea. B.. H. Walker, and L Ayres. 1968. Detection of botulinai toxins by 
immuDOdifTusion. Appl. MicrobioL 16:21-24. 

Wadswocth^C 19S7. A sUde microtechnique for the analysis of iminunepicdpitates in 
gel- Inieni. Arch. AlUecgy Appl. ImmiiDol. 10:335-360. 

Wainwrigbu W. Heyward, J. Middaugh. C. Hatheway. A. Harpster. and T. Bender. 
198& Botulism in Alaska: epidentibloey and clinical findoigs. 1947-1985. (absL) 
Plesented at the 26ih Annual Meeting of the Inietscience Confeiaice on 
Andmiaobial Agents and Chemotheiapy. New Orleans. LA. 

Welkr. U.. F. Mauler., and E. Habennann. 1991. Cooperadve action of the light chain 
of leianns toxin and die heavy chain of botulinum toxin type A on the tnuismitier 
release of manunalian motor endplaies. NeuioscL LetL 122:132-134. 

Whelan, S., M. Elmore, N. Bodswonh, J. Brehra. T. Adcinson. and N. Minton. 1992. 
Molecular cloning of the Clostridium botnlifwitu stnictaial gene encoding die type B 
neurotoxin and determination of its entite nucleotide sequence. AppL Environ. 
MicrobioL 58:2345-2354. 

Woody. M.. and B. DasGupia. 1988. E^t protein liquid chromatography of botulinum 
neurotoxin types A. B. and E. J. Chramatog. 430279-289. 

Yang, K., and H. Su^yama. 1975. Ptirificadon and properties of Clostridtum hotoh'nnm 
type F toxin. AppL MicrobioL 29:598-603. 

Ydkosawa, N.. Y. Kurokawa, K. Tsuzuki. B. Syuto, N. Fujii, K. Kimura. and K. 

Oguma. 1989. Binding of Clostrfdjiff n botulinum type C leurotmcin tn diffemni 
neuroblastoma cdl fines. Infect. Immun. 57:272-277. 



Yckasawa,N..K.Tsu.uki.B.Sy»io.andK.Og«ma. m6, ActivaUon of Cb«m 
l22JBliiimtypeEiD«i„purif«|bycwd^^ J.Gen.Mk:tobiol 
132:1981-1988. 



CHAPTER in 



Colony immiuioblatlinc of f^lngtrldinm hotulinnm types A, B, and E 



Published in 
Ai^died and Environmemal Microbiology 
Volume 57, p. 2339-2342. 



Abstract 



51 



Neurotoxin produced by colonies of laflSlddiaQl hoiHliniini types A, B. E and 
toxigenic CtQ5ff1<?ipn| bound lo nitrocellulose was deiecied by an enzymcIiiilEed 

immunoassay prooeduic The procedure used seioiype specific rabbit IgG as the primary 
anUbody and goat andrabbit IgO antisenim labeUed with alkaline phosphatase as the marker 
to vinalize immobilized neunjtoxinfiomihdi^ TTie method difFereniiated 

the cblonies based on serotype of neurotoxia produced and by the amount of neuroioxia 
produced byindividualcolomesonthesaroeagarplate. Spedfriiy of primaiy antibodies 
used was improfved by adsoqMkm of cross^eactiflg heterologous antibodies. 
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The technique of using specific antibodies for Hie detection of immobilized proteins 
of inierBSt has been desnibed extensively anoe 1979 (Towtnn. I97S0. The moie common 
techniques involve transfer of ptoteins from poiyaciylandde-gels to a solid si^port such as 
nitiaoellulose n^g an deciricai cunent (Btiiner et aL, 1980). The transferred proteiDS are 
then probed with antibodies specific for the protein of inteiesL In contrast to this 
eleorbblotting technique, we have been using for sometime in our laboiatoty a colony- 
bkNting prooeduie for the detectioii. difTeiendation, and estimation of the vaiying Knin 
titers of the individual Clostridium botulinum colonies of types A. B, and E as well as two 
toxigenic ClostridiBTP hutyricurn aiains. The method uses aikafine phosphatase as the 
enzyme marker (Mason. 1978) and nitroceHukue as the solid suj^xkl 

The potential uses of this technique inchide the screening of various ingietfients in 
food products to determine the homlinmn spore load prior to foraiulation as well as the 
efUcacy of the subsequent heat-treaonent of food products. Temperature abuse as well as 
adequacy of the total anti-miciDfaial system could be momtoTBd by simply using selective 
medaa. followed by blotting. The foilow-up procedure must include a more sensitive toxin 
assay system such as the mouse bioassay. The colony-blotting technique could poienttaUy 
And use in the screening of products which do not receive a heat tieaunent to deiermine if 
there are £. botulinum spores present and zt what levels. The colony blotting assay has 
found use in our laboratory as a convenient method of screening large ntmsbers of potential 
mutants for toxin production. 
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««»iiw conirob « dB we E bloBing proeaiTO. 

PeP»..^BBL:a»tac^pe^Oifc^^,^^^^,^^^^^^ 
I»»»ec«..d«U^.^ti^^CBI.^(CtaMi„B^6„,^„^ 

as wdl as some Stains Of type E 



solution (250|igftnl). 0.4% bkMin (W^g^ml), 0.1% thiaminfrHa (Img/inl), 0.05% 
cysteine-Ha. and 0.5% NaHC03). This GMBT medium is a modificatioii of the GMB 
medium described in the VPl Anaerobe Manual, 4thcdiuon (Holdeman. Cato, and l/fym^ 
eds.). 

, AntiUMdns foe type A, B. and E botulinum toxin serotypes were raised in rabbits. 
Type A toxin was porilied by the method of T% et aL (1982), type B toxia by the ^ 
of DasGutpa and Sogiyaraa (1976). and type E toxin by the method of Gimenez and 
Sugtyama (1987). These preparations weie considered to be pure toxin samples ance they 
showed only the approximate 150 kDa protein when dectiophoresed in polyaoylamide 
gels without being tieaicd with a disulfidB ledodns agenL When disulfide bonds woe 
reduced with metcaptoeihanol (1 %v/v) or dithiothieitol (0.5% w/v), the prepaiations 
showed the chaiacteiisiicca. 100 kDa heavy chain and the ca. 50 kEJaliglA chain. 

The toxins were converted to toxoids by dialysis against 50 mM sodium phosphate 
buffer, pH 8-0 with 0.4% formalin for 14 days at 30PC. Most of the unreacted formalin 
was removed by dialyzing the toxoids against 65 mM sodmm phosphate buffeted saline 
(PBS), pH 7.4. Ihe toxoids were homogenized in equal volumes of complete Fnsund's 
adjuvant (Difco Laboratories. Dorott, MI). The mixture was injected subcutaneously into 
rabbits in vohimes containing 200-300 (ig of iox<»d. Each rabbit was then given a SC 
injection of ca. 1 00 jig of native toxin (ca. l(fl mouse 50% lethal doses) on days 37. 38. 
39. 44, 45. 46. 51. 52. and 53. The rabbit was then bled by cardiac puncture on about day 
60. 

The serum (ca. 50 ml/rabbit) was dialyzed against 20mM Tris-HCl. pH 8.5 and 
applied to a Sephatose CL4B-Prottan A cohmm (1.6 cm x 22 cm) equilibrated in the same 
buffer at a rate of 30 ml/hr. After loading the crude serum, the column was washed widi 5 



cohmin vDlames of ihe loading buflFer folowsd by a similar volume of 50 m 
mM NaCl pH 7.0. IgG bound to Protein A was duted L- a single protein peak when the 
buffcrwaschaiigedto50mMcitnue«0mMNaCI.pH3j0. n»e IgG fnctions were 
pooled as soon as practical and tbe pH adjusted to ca. 7i) with li) M Tris-HCl. pH 9.0. 
The antitoxin was then dialyzed against 65 mM PBS. pH 7A and stored at 4oc in a final 
concentration of 25% gljceiol. 



Tbe type A, B, and E antitoxins wens type specific in toxin neutralization tests so 
UttC type A antitoxin did not neutialize type B or E toxin, type B antiidxin did not neutralize 
typeAorEtoxin.whiletypeEantitoxindidnotaeoiiaKaiypeAorBtoxin^ However, 
soroeia Vina serological procedures with the type A and B antitoxin types did cross-react 
tosomecxientwiihthe heterologous toxin. In the past, these cross-icactions have made 
the distinction between toxin serotypes difiicuhand unieiiable using the immunoUoiting 
procedure, "niiscross^canion is most likely due to the presence of smaU amounts of non- 
toxic complex ptoteinsindodinghem^gglurinating proteins in the antigenic preparations. 
Some of these non-toxic proteins have epitopes common lo aU of the toxin serotypes 
(Somers and DasGupta. 1992). In order to minimize these cross-reaciioiis an adsoiption 
procedure was developed. Tlw procedure involves the addition of whole cells and 
concentrated cnide toxin preparations of the heierotogous toxin types to the 
piepantionsoftnxsAandB. TTie type Eamisenim preparation did not cross-react to the 
extent of the A and B aniisenim and was not adsorbed. 

The strains used as adsoitiants for type A antitoxin were C. homlinnm cr»i«c 
II3B,213B.andOimiB. Type B antitoxin was adsoibed with Cscoisg^ 
4411,and C- isoQaiman Hall A. Toxihconcenira«eswereihepredpitatefonnedwhen450 
ml ofa4dayiPGY culture was adjusted topH3.5 with INHCL TTiis was a modification 



of the method of Tse, cl aL (1982). The ptedpiiate was conecied by centrifiigaiion and 
suspended in ca. 5 ml of 65mM PBS, pH 7.4. Cells for use in the adsorptioii procedure 
were grown scperaicly for 24 hr at 37«C in 50ml of TPGY broth, pH 7.4. collected by ' 
centrifiigation. and washed Unee times with sterile 0.85% physiological saline. Hie 
s^aiatB sixains for the iBspeclive utiioodns were combined and lesuqiended m 
saline. 

After combiniitg crude toxin/whole cell pieparations. a laiown mimber of 
intematioinltmits (1 lU for types A and B:=10jOOO mouse LDso:iIU for type E=1W 
mouse U>5Q> of betendogois aniisenim was added to ca. one^hiid of the told v^^ 
adsorbant and allowed to react at room lempenoure for 30 min to 1 h. The mixture was 
then oentrifuged at 12.100 xg for 20 min. Thesopemataniwasreadsorbedtwkeinthe 
samefiuhion. After the final adsoqnioi^ the antisenim was dtalyzed against 2GtaiMTcis- 
Hd, pH 8.5. and reapplied to die Proiein^A column. The column was then extensively 
washed with the loading buffer (30>5O column volumes) lo remove ihe beierobsDUS toxin 
piesenL The adsorbed IgG factions were then eluied as before with SO mMdmie/SOmM 
NaCl, pH 3.a The resulting aniisenim preparaiioa had ca. 10-lOOX less crass-reactivity 
than the parent antisenim. Each antiseram preparation was then retitraied against its 
homologous toxin type yielding vahies from 90 to 400 lU/ml for types A and B and 340 
lU/ml for type E antisenim. 

Cptony blWing grpggto 

The procedure used here is a direct immunostaining procedure of immobilized 
proteins. The compleie immunosandwich is depicted schematically in Figure 1. Plates 
with surface inoculated colonies were grown anaerolMcally 2^8 h. Colonies were 
reasonably well isotaied with ca. 100 colonies/jplaie maximum to ensure no overlap of 
antigen as toxin diffuses away from Ihe colonies through the agar medium. 
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on ni(nK«UulcBc discs. 



The immobile phase used to bind the neurotoxins was nitroceUulose (NC) from 
Bio-Rad Laboratories, Inc.. Richmond, CA. The NC cairic pre-cut into 82.5 mm diameter 
discs which weie ^plied directly to to agar plates. Hie first NC disc was placed on top of 
the colonus by diagpig the lea^g edge of the disc with foiceps over the rim of the plaie 
until die trailing edge dropped onto the plate. The NC became wetted slowly fn»n the 
uafling edge toward the leading edge. This method of appficatioa ensured no air bubbles 
weie trapped under the NC prohitridng contact with the plate and the colonies. The pl^ 
with the NC adhering 10 h was then inveited and held at room iempeiature for 2 h. TheNC 
wasiemovedfromthepIatebypeelingUofrintheievBiseorderofappUcadon. ThisNC 
disc could then be overiaid briefly onto afresh plate and a leplicate of the master plale made 
before the disc was blotted. This step required well dispersed colonies. A second disc 
could be overlaid onto the master plate at this time and the NO|ptaie incubaied under the 
same conditions. 

After removal from the master or duplicate plaie. the colomes which adhevedtoihe 
NC were removed with a gentle stream of distilled water. The NC was dien pbced into a 
blocking soludon to completely saturate the tmbound protein binding sites on the disc The 
blockmg solution consisted of 5% sldm roiOi powder in TBS (10 mM Tris-Ha. 0.9% 
NaCl, 0.1% bovine serum albumin, pH 7.4) (Sigma Chemical Co.. Sl Louis. MO). 
Alternatively, 5% bovine serum albumin in TBS was sobstilnted. These incubations were 
done in petri dishes with gentle agitation for 1 h at room temperature. 

After 1 h incubation, die blocking solution was replaced with primary antiserum 
diluted with TBS -f 1% bovine serum albumin. 7.4. Working concentrations of 
primary antiserum varied fiwn wic antiserum lot to the next Optimum dOutions ranged 
from 0.8 HJ/ml for some of die type A and B antisera to 10 lU/ml for the type E antiserum. 
Total volume used in the primary incubation step was 10.0 ml for a total of ca. 8-10 lU for 



Uie lype A and B blots and 100 lU for the type E blotSL TOs incubation w« earned out » 
room tempeiatuie for 1 h widi agnation as befoie. 

At the end of the prinwiy aniiseium incub^ 
blot washed with TBS + 009% Tween 20. pH 7A to remove excess unbound antibodies. 
Three 73 ml washes weie canied out in « laige. ite-botiomed. plastic, storage container 
(ca. volume 1500 ml) widi agitation for lOmineach. At the end of tifie third wash, a brief 
(2 nuD) rinse was done with TBS to cemovecwess delergpnt 

NC discs were transfened to clean peiri dishes containing 10.0 ml of secondacy 

(goat anti-rabbit IgG conjugated widi alkaline phosphatase. Boerhingei- 
Jim, Indianapolis. IN) dOuted inTBS + 1« bovine senim albumin, pH 7A to a 
final concentration of l:200a Tl« blots we,e incubawd with agitation at loom tempeiatnn. 
for 1 h and then washed as befoie in TBS + 0.05% Tween 20 and 0.05% SDS. pH 7.4. 
for lOmineach. Abrief rinse Cmin) with TBS was done to lemove detergent which 
might interfere wth enzymadc activity. After washing, ihe enzyme substmies were added 
inalOOmlvolnmeof I M Tris-HO. pH 9 J. Tl« sohstiaies used were 5.6 mM 5-biomo- 
4H:hIoro.3indoIyIphospha,e(BCIIOplos4.8mMm.ioblueteti^ 
Sigma). NBT was first made soluble in ca. 10 ml of boUing i M Tri^j-HQ. pH 9.5. and 
then added to the remaining 90ml of 1 M Tris-HCl. pH 9.5. BCIP was dissolved in 100 
lilofdimcthybuIfoxideaadthenaddediod«lMTris-Ha;pH9.5. After mixing, the 
substrates were added to the Mots inihe wash container and the puiple color aUowed lo 
develop until the background began to appear (usually within 2-5 min)' 

After fiiO color devebpment. the reaction was stopped by thoroughly rinsing the 
blotsindistatedwatoandallowingU^ntoairdryinihedaric TTie coltored complex is 
light sensitive and wUl gradually fade upon exposure to stmlight ' 

TTie entire process of colony blotting may bestopped prior to any of the above steps 
by simply holdii« the blot in TBS. Blotting may d>en be resumed the fbUowing day with 



no change in sensiiivity. Altemaiively. prior lo development, the Wots may be rinsed 
briefly in TBS and then Ibraai at -7SPC for weeks lo monihs without any change in 
icactiviiy. 

SDS-PAGE. 

Pdyaoylamide gel dectcophoiests was done using the Bio-Rad Protean II sysiem 
(Bio-RadXaboraiories, RJchmood. CA). linear 12.5% aciybmide gels were ran at 20 
mA constant coiient ai room temperaiuie aooonfing to the discooti^ 
(1970). 

Klwiimtiansf er and immunnWntlinF of SDS-PAGE gels. 

SDS-PAGE gels of D lifiBllilUiai toxin samples were transfeited to polyvinylulene 
diHouride membranes (PVDF) (MaiiporB,Coip.. Bedford, MA) using the Bio-Rad Trans- 
blot Electrophoietk Tiansfer Ce ", TiansfefS were made overnight at room temperature and 
30 mA constant cunent ihlOmM CAPS (3-(pyctohexylaniino)propanesuIfonic acid) 
CSigma), 5% methanol, pH 10. following the procedure of Matsudaira (1987). Transferred 
(SQCeins were visualized u»ng the immunobloaing procedure described for colony blots. 
All incubaiioDS and washes were done in laige flai-bottom ( 1 SOO ml) containers. 
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type A neurotoxin. 
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region of ca. 30«3a m both ihe redored type A toxin samples whkA co^ 
a breakdown firagment of the toxin molecule. 




1 2 3 4 5 6 



FigureZ. SDS-PAGEofiaflsaidi!imj!^^ Lane 1. type A neuioioxin; lane 

2. type A loxin neurotoxin (reduced wiih 05% w/v dithioUttdioI); lane 3. ^ A toxin 
complex; lane 4. type A toxin complex (reduced), lane 5, type B neumtoxin; Iane6. iype B 
neniotoxin (reducedX Each lane was loaded wiih 10-15 ng of protein. 
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1 2 3 4 5 6 

Figure 3. Immunobtot of pioieins after electrophoietic traiufer from ihe SDS-PAGE gel 
shown in BgatB 2 using adsoibed lypc A IgG as primaiy antibody. Laiw I (reduced) and 
lane 2 (unieduced) contain purified type B toxin, lane 3 (reduced) and lane 4 (umeduced) 
contain type A toxin complex, lane 5 (leduced) and lane 6 (umeduced) contain purified type 
A toxin. Each lane of the original gel was loaded with 10-15 of protein prior to 
dectn^hoiesis and electn^)hoieiic transfer. 
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We found ifaat of the three toxin types iheic w:ie some strains which cross-reacted 
toamuchgieater«tei.tthan others. HaUAand 62A cioss-rcacted wiUithe unadsorhed 
type B antiserum as did Okia Band 1 13B with the type Aantiseium. TTie cioss-ieaction 
was not completely eliminated afler adsorption as deiennined with the doi-btat pooddic 
but was substantially mluoed and did not intafeie with the colony blotting piocedoie. 
Colonies of C. 5B2r2gsnfiS44ll. PA3679.andaCja^ 
the adsorbed aMisera. 

•Atypical typcAcoIonyicactioni$showninFigi«e4. It shows that the toxin 
which has diffused away from the colony is sdll bound to the NC and was detected. 
Because of this it is possible lo overlay a second disc and develop h under diffeient 
conditions using a different prteaiy antisenim. TTiis technique is shown in Hgures 5, 6. 
and?. FigoiBfiveshowsiheoriginalplatewhichcontainedanuxedpopulaiioaof 
ptedominandyiypeAtoxinproducingcolonics. Hie anowheads indicate diree colonies 
which produced ^rpeB toxin. TTie first disc overlaid on the Plate was devdop^ 
specific aniiscram (Rgure 6) and the second disc in type B specific antisectmi (Rguie 7). 
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FlStire 4. TypKsl type A Q. hotuHnum taxin prodacing colony leactioa on nitrooelltilose 
using colony imnounoblotting ptoceduTB. 



Figures. agar plate ccmtaining a mixed population of ClsB^ 

iHlfldinfiiiiiypcB. TT«am«rt«adsindk:aieihciypeBcoloiues(fr^ 
1993). 




Figure 6. Ctitony imnronoWoi of mixed population of C bOWliPl"" types A and B toxin 
producing colonics using antitype A IgG as primaiy antibody (from Goodnongli ct aL. 
1993). 




Figore 7, Colony immunoblot of mixed populaiion of £ fcOlBlinafll types Aand B loxin 
producing oolonics using antiiype B IgG as pdmaiy antibody (from Goodnough et aL. 
1993). 



! 



Diffusion of loxia through ihe cuHnre medium is also demonstrated in Hgures 8 
and 9. Figure 8 shows the size of the co^ultured C bwtvpCTTff strains 5839 (toxigenic) 
and 19398 (non-toxigenic) as grown on the minimal metfium GMBT and the si2B of the 
reaction zone from the toxigenic strain (Hguic 9). In aU cases the plate and the blot aic 
minor imagss of each other. In R^nc 9, the "neg^ve" zones of non-toxigenic 
hntvrieum 1939 8 can be seen as lighter spots in the much daikcr "positive" zones of the 
toxigotic strain 5839. btfividual colonies from the oiiginai plates or from a duplicate plate 
can then benssolaied. 




Figures. MixedcoloniesofioxigeaicCJsajaia^ 
tedsum (strain 19398) od GMBT minimal medium. 
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Figure 9. Colony immunobtot using antitype E IgG as primary antibody. A macd 
population of toxigenic C twtyricum (strain 5839) and nontoxigenic Q btftyriCT'" (strain 
19398) was grown on GMBT minimal medium. The arrow indicates Uic position of a 
nontoxigenic £. luiiynsailicotoay in the darker background of toxin which has diffused 
from a nearby toxingenic Q, h»tvricum c<4oay. 



AnoU«„„ofU,UI*H«„s,™«h..i,tai.c»disS.ri*bc.^higW.er 
Which gave the darker ir ' 



Figure 10. Colony immunoWotof C hotnlinum type B (strain 7949) toxin producing 
oolomes. Hie h^ta reacting colony indicated by the arrow produced ca. ten-fold less 
toxin when isolated, grown in broth culture* and tested in the mouse bioassay (from 
GoodnooghetaL. 1993). 
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Di«««.«f -u^ **yP««>fantiseracouJdbcdiictoihe 



non-io»c pKMcihs are conserved 



-•"^iheranfieofboiulinalsero,^ 



mdmdualepiujpeswhichaieconiinonio, P«««te«here 
lonal antibodies may beof hdp „ 
TTw technique of cdony-bloaiiig is 



<fciecdonof( 



« an aheraaiive method to the mouse assay forihe 



°««««ins. The tradiUonai method of picking 

and toxin testing in mice is time 



individualcoIoniesfoUc^edbygrowthi^b^^^^ 



of toxiii fomiation using ihe colony Wotting apiwoach v«ch is much easier than screening 
individaal colonies for toxin titer. 
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CHAPTER rV 



Characterization of type A Clostridium HfT'->rn toxin complex during 
purification 



Abstract 
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Purifed type AQogDdiiim botulinom neurmmrin is meA fnr thpt m^atm^nt .^f 
Spastic muscle disorders due to the faa thai it causes a flaccid paralysis in specific muscle 
groups when very dilute solutions of the toxin are injected. Hie toxin for medical use is 
produced by the Hafl A stram as part of a complex of at least six other proteins and is 
purified by a series of precipitations and oystalltzationsw In this study the toxin complex 
was examined at each step in the purification foe total toxicity, percent solids, optical 
density at 260 and 278 nm, specific toxid^. and for the presence of ribonucleic add& The 
results show that die procedure is vaiiaMe and dependent to a large degree on the individual 
components maldns up the growth medium indicating thai mitrition and regulation affect 
toxin quality. RNA assodated with the purified toxin complex was found at a level of 
0.396 and electrophoictic analysis indicated that particular species of RNA were not present 
in the complex. 



SI 



ClOfln tf wn hotglnrom is a heierotogoos group of gram positive, obligaidy 
anaerobic, endospore fonning nxUhaped oig^insms that have in commoa die production 
ofacharacieiisiticproieinaceoiis neurotoxin. n>ereaiecw«ntly seven known serotypes 
of neurotoxins (A. B. C,. E. F. and G). ITwse neoroioxiiis are most commonly known 
as being ihe cause of the food bonie intoxicadon botulism (Sugiyama and Sofos, 1988). 
These proieins aie aiirong the most potent neurotoxins known wifli leihrf 
order of 1 ng/kg for most mammals including humans (Scbana and Johnson. 1»2). Tie 
mode of action of the neurotoxin b such that it binds to the presynaptic junction of motor 
neuronsandpreventsihetefeaseofdieneurotnmsmitteracciylcholine. This lack of signal 
to the particahirmuscle group imiervaiedlvdieneuioncausesaBaccid^ Death 
can lesult from the toxins action on rauscks of the rospiratoiy system Induding ihe 
diaphragm and the oiteicostals. 

Type A loxih when dfluted to very low concenirations (ngAml) is cunwiily used 
therapeutically for the tieamient of spastic rnosde disonkas (Jankovic and Briii. I99I; 
Savinoand Mans. 1991). Target musdc groups are injected directly causing a legibnal 
panUysis and deneivaUoR (Borodic « al.. 1991). A single batch of purified toxin was 
approved by the U. S. Food and Dnig Administration for ireaiment of disorders such as 
strabismus, blepharospasm, and hemifacial spasm in December of 1989 (Schantz and 
Johnson, 1992). This particular batch was produced by the HaB A strain of C. bom^ 
in asimplified culture medium consisting of casein bydrolysate. yeast extract, and glucose^ 

PtDduction of type A toxin by the Hall strain in a simphfied growth medium was 
first elucidated by and HiH(1947X The purpose of their research was to establish 
thai Ihe organism could produce toxm titers in the range of 5 X lOSLi X 106 mouse lethal 



doses/ral of culture in such a medium. This research was pursued due to difXIculdes in 
Wodd War II in obtaining the necessaiy ingiedienls for the infusion broth of Wagner et aL 
(1925) and Dade and Wood (1928). Type A toxin production in the medium of Lewis ^d 
Hill (1947) was sufficient to oiaUe crystallization of the toxin for the first lime Lamanna 
et a]. (1946). A similar metfium was developed Nigg et al. (1947) fear prepeiadcHi of a 
type A toxoid in wfakh no aDeigenic substances woB desired. 

. (r this study, three batches of crystalline type A toxin were purified using a 
modification ofthe method ofDulfetal. (1957). The three batches weie characterized at 
each si^ in the purification procedure for toxici^, % solids, absorbance values at 2(S0 and 
27Snni, and bxxiii yield. Hie proteins present after each step v«ie analyzed by SDS- 
PAGE to assess pmi^ ofthe toxin complex. One batch of toxin was selected for fiiitfaer 
analysis with regard to RNA content of the toxin at various steps in the purification 
process. Toodn production and recovery was variable with different individual peptones in 
the metfium iiu&aiing that nutrition afieciod toxm quality. 



Materials an d MetW. 



Tie ttdl Aitaun Of lype AOiaaitoJ^^ 
toxincomplex. TMs stnun was selected because of ihc high toxin tiieis ft ^ 
astheMghd^ofceUlysisobserveddmingcuhming. TTuss^inwasori^aUy 
0bLd«edf„»»Dr.J.aMuelIeratHan«dUnive«iQrand^ 

cooI«dn,ea.n«da™..(U%dex.rose<qvJM;^ 
^aerobic aimospheic (80% N2. 1 0%CC^ 

intapeiitoneal LDsofal (LD^oAnl) in 48 h. 

Qihmes forioKin purification «e«gn««suuically i„eiU,cr 12 or 15 liter voIun,es 
of 2.(M6»iypiic.a,pcptt,„(BBU cocker 

Labo«tories.De«,i,MD. l-0*ycastex.n«:,(Difco),OL5%gIocos<,pH7Aingbss 

carixvsofl5or201ite.sai37Tuntilsud,iinn,.sihecuta«washa^ 

daysX Ali«natively.somcculiuies>^growninl-2fiterof2i)%casdn 

(Sheff«Idinc.Nonvich.hno, L0% yeastex^CDifa^^^ 

E*n»q«rfl^. GWwasauttxdav^l separately inaSWfesohitionand^^^ 

added 10 the remainder of ihe medium afta-coolir^g. 

Toxin ptirfff^^tiffr, 

TypeAtoxin complex was purified in ihemanncraivrov^ 
Da.gAdminis.iaiionwhichisan«,diffca,io„oftheme,h«^ 
methodconsistsof growing lypeAClianlta 



casein hydrolysaie medium ai 37X1 At this time the pH of the cnidecataire was towered 
to pH 3.4 widi 3N H2SQ4 and stiiring. The tojun as well as many other proteins as wefl aj 
ceUoIar de1>Rs in tie colime foTO laz^e flocs and pied|»u^ 
settle to the bottCTn. TliepiecqntatBdmaaerial containing the toxin is tenn^ 
mud. ToMnatthispoimisstaWeiioryeaisvrIicnstoicdat4*Xl Hie precipitated material 
was separated ftom the supeniatam by decandng and the ptBcipiiate allowed to fun^ 
ovemight.at room temperature. The piecipitaie was collected by cenirifugadon at (4.100 x 
g for 20 min at S-IOX) and washed once with d^^^0. TTic fust add pwdpitaie was then 
homogenized in dH20 and the TOhmebnnisht to 92SmI. The toxin was extracted by the 
addition of CiCh to a final concentration of 75mM gSml of a 1.0M CaCl2 solution) and 
raising the pH to 6.«>.8 with INNaOH. The extraction was continuously sliiredaiioom 
temperamre for 2-4 h at which time the extracted loxin was sepanied from the cellular 
debiisbyceniiifusaiionail6mxgfor20minatS-l(rcL The toxin was then 
iramcdiaiely lepiecipitaied by lowering the pH to 3.7 with IN HCL This is temied the 
second acid ptecipitaiion and is generally allowed to settle overaightat 4^^ Piecijwtaled 
material containing the toxin was collected from this second acid mud by centrifugation 
(16.000 X g for 20 min at 5-10^ Toxin was leextracied with constant stinrng in 150ml 
of 50mM sodium phosphate. pH 6.8, for2^ h at room temperature. The extracted toxin 
was separated iron the insoluble material by centrifugadon {16^ x g for 20 min at 5- 
10^ and die vohime of the toxin extract made up 10 ISOml widi 50mM sodium phosphate. 
pH 6.8. The toxin extiaa was then cooled to 0-2"C in a gIyceroI.-cthanol:H20 constant 
tempeiature bath. Alternatively, this coolihg step may be done direcdy in a refrigerated 
centrifuge. When the toxin cooled to below 2.3»C. 65ml of 50% ethanol (piecooled to 
-30*0 wasslowly added widj stirring over a period of 30-45 min taking caienoc to let the 
tempeiature rise above 2-3*C The toxin was then cotded to -5«C and allowed to stand 
overnight under these conditions. Ethanol precipitaied toidn was tecoveied by 



centrifugadon (16XKX)xgfor20iiiin at-5<C) and the supernatant discarded. Asraall 
quantity (ca. 25 ml) of 50 mM sodium phosphate. pH 6.8. chilled to ca. was 
immediately added to dilute die lestdual etbanol and the pellet gendy homogenized in a 
fwthervolumeofSOiDlofSOmMsodium phosphate, pH 6.8. Toxin was gtndy " " 
dissolved in a fmal volume of 75 ml of 50raM sodium phosphate. pH 6.8, at room 
temperature for 1-2 h. The solution was clarified by centrifugadon (1 2.000 x g for 20 min 
at 5-10^ and die final volume made to 75 ral widi 50 mM sodium phosphate, pH 6.8. 
Tlie toxin was ciysialKzed for the fusi time by the slow addid^ 

(NK4)S04withcoiiiinuous5tiiring. TTie loxinciysialliad in M days at 4«C at which time 
die ciysials were coHeoed by osHrifiigation (I2/)00 x g for 20 nrio at S-IO'X:). Crystalline 
toxin was dissolved in ca. 50 ml of 50 mM sodium phosphate. pH 6.8, darified by 
cttitrifugation (12;00Ox g fix20min at5-10°C), and the vohmie^ 
50mM sodium phosphate, pH 6.8. The toxin was ciystaffized a second time in die same 
fashion byadditionof20mlof4M(NH4)SO4andiocobating at 4«X1 Ihsomecasesatfiiid 
ciystallizaiioa was perfoimed by ibesaroe procedure. 



Toxicity of various prepamilons woe estimated using 18.22g female. ICR strain 
mice and the intravenous mediod of Boroff and Fleck (1966). ThetimcHto^fcadi method is 
conve«edtointraperitonealLD5o^mlusingAestandaidcur«showninHgm^ Toxin 
conccntralioos are adjusted in order that die time-tosieaUi values lie in the linear portion of 
diecuivc(30-70min). In most assays diree mice are injected and an average time-to-dcadi 
value calculated. In some cases five mice arc used and die aveij^time-io-deadicalctthieA 
Where appropriaie, toxin titeis were Amber determined using die standaidized diludon lo 
extinction mediod of Schantz and Kautier (1978). 




Figure 1. Clostridium botulinum type A toxin (3X ciystalfize<0 time-to-deaih standaid 
curve. 



RNAeartraainii. 

y^ofe CTlWfg amnlfB^ Samples obtained ftom one 15 liter batch of C botalm»ni 
Hall A were taken at various time poiiiis during the incubation of the culture and ai steps m 
the loxin purification proceduRs. Samples taken during the inCThaiion of the culture had 
ditfaiothreiiol CBoehringer-Mannhetm Corp.. Indianapolis; IN) added to a final 
ooncemration of ImM; EDTA (Siema Chemical Co.. St Louis, MO) added to a final 
concentranon of ImM. and RNase inhiWior (Boehringcr-Maanhcim) added at a level of 50 
nnitdWiL [All solutions, buffets, and glass-*aie were made in die% 
(DEPQ ireaied dIfeO (Q. 1% DEPC (Sigma) in dHiG^ incubated ^8 h. then antodaved) 
nnless otherwise noted). Hiese samples were dm frozen at -20^ untfl extracted. 
Extraction of RNA was done by adding 100 fig/nal of lysozyme (Sigma) to the thawed and 
mixed samples and incubating for 15 roin aiSrC Sodinm dodecylsulfate (SDS) (0.5% 
wfV) and Proteinase K (Pto K) (100 ugAnl) (Bethesda Research Laboratories, 
GaiUieisbuig. MD) were added and die mixture tncobaied at 50*C for 1 h. Onwendi 
volume of 3 M sodium acetate (Sigma) was added and die sohition transferred to DEPC- 
treated cenoifiige tubes. The solution was extracted once with an equal vofanne of dSX 
IBE eqoilibtatBd phenol CIBE:= 45mM Tris-Ha 45niM sodium borate, IniM sodium 
ethylenediamine tetraacetate. pH8J). SambrookeiaU 1989) bywrtexingforlO sec and 
cooling on ice. The aqueous phase was iransfened to new centrifuge tubes after 
centrifiiging ai 12.000 xgfi)r20minai4iCandan equal volume of isopropanol added. 
Tubes were stored ovemigm at -20^ Faint pellets visible after centrifiigatibn at 12,(X»x 
g for 60 min at 4«C were dissolved in 300 |il of dH20 containing 50 units of RNase 
inhibilorand35uniisofDNaseI(BRL). Fallowing incubation at room teropaatuie for 
1 J b three volumes of 4 M ammonium acetate. pH 4 J, were added and the nuxmre held 
oniceforlh. pdlets recovered by cenirifugation at 12.000 xg for 30 min at room 
temperatDre were dissolved in 50 jil of dH20 and reprecipitaied by adding one-tenth 



volume of sodium aceiate, pH 43, 2 J volumes 95% ethaaoU and weie stored overnight at 
-M-C Following a wash with 70% ethand. ihe pellels were dissolved in 100 Ml dH20 
and extracted once widi 1:1 phenolOiQs foUowed by a single CHOj extraction. Hie 
RNA was precipitated with one-tenth volume of sodium acetate. pH 4 J, and 15 volumes 
95% eihanol and incubated at -20«C for 2 h. ITie resulting pellets were dissolved in 50 pi 
of IX TBE and qoantitaied by absoriianoe at 260mn assuming an absorbance of 1.0 = a 40 
(tgAnl soloiion of RNA. 

RNA exflraetiftn fmm toxin puriff^jj ion samnlw. 

Samples taken during the purification of ciystalline type A toxin were treated in a 
similar fashion with the foltowing exceptions; after Pto K digestion, 65*C phenol 
extiaction, and isopropanol precipitation, the pellet was dissolved and the aqueous phase 
extracted with 1:1 phcnotCHaa until no imeiface was visible (usually 2-4 does). The 
aqueousphasewasthenextiaciedODcewithCHCb. Samples &om the fiisi and second 
ciystaUizations were not treated with lysozymeL 

SDS-ed electrophnn^f c 

Etectiophoicsis was pciforaied using a Phara»acia Phast System (Phannacia LKB 
Biotechnology. Piscataway. NY) and 12.5% Unear p«>cast gcU accoiding to the 
manufacturers instructions. Sample bujifer consisted of 75 mM Tris-HQ (Sigma ). 5 M 
urea (Sigma), 5% SDS (Sigma) . and 20% glycerol (Sigma). pH 6.8. All samples were 
boiled for 5-10 min. Some samples were reduced by the addition of 0.5% dithiothreitoL 
Bands were visuaEzed by staining in ai% Coomassie brilliant blue R250 in 40% 
methanol, 20% acetic acid, dcstatned in 25% methan<^ 7 J% acetic add foDowed by silver 
staintiig according to the procedure of Hammcs (1990). 



Agarose get ftlecimphnr^is 

RNA samples were electrophorcsed in 0.9% agarose-fomaldfchyde gels at 80V 
(constant voltage) according toihe proccduie of SambrooketaL (1989X 



Protein conceninitions of cnideexiracisweicesiiniaied using the method of Smith 

ctaL (1985) with bovine semmalbonun as dwstandanL When woridngiwth purified 

fonns df the toxin complex, pnoiein conceniraiion was estimated using the extraction 

coefficient at 27gnm of L65 = lmg^ml of the toxin complex iaalcmKgbt^^ 
al^ 1970). 



Results 
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Batch-to-baich charac^Tatin^ 

Purification of type A toxin complex using the U. S. Food and Drag Administtation 
approved method of Duff et aL (1957) is shown schemaiicaUy in.Rgure Z Repceseotative 
samples were taken at the various sieps for analysis indndiqg optical densities, % soKds, 
% recovery, and specific tajiiaty. These results are summariznl in Table L 

Pkoduction of cxystaltine type A tCHdn comidai usins the predpttation and 
crystaIli2aiion method of IWetaL (1957) appeals loteavariaWe process aab^ I). 
Variation is introduced even before the seed culture is inocuhtcd into ihe fennentaiion 
vessd: medium compoiieais play a veiy impoitam role in the production and subsequent 
properties of die tojun. Using the same peptone from the same manufacmrer but of a 
different lot had dramatic results on final yield of toxin (Table 2). 

It is scneraHy possible to recover 10-20% of the starting titer using ibe method of 
Duff et aL (1957) which compares favorably with the value of 17% originally reported by 
them. The final yields expected based on the starting titcis and die assumption (hat the 
toxin in die crude cuhore had a specific activity of 30 LDj(/ng were: Batch 1, 13.7%; 
Batch 2. 1 1.4%: and Batch 3. 18.4%, Batch I bad a ^eld of >25% of the starting toxicity 
after two crystallizations. However, the optical density (OD) ratio of 26a/278nm was out 
of the accepted range of <0.6 recommended for high quaE^ type A toxin complex for 
medical use (Schantz and Johnson. 1992). This necessitated a tiurd ciystallization in which 
another 12% ofihe toxin was losL Recovery of toxin from one step to the next in the 
purification scheme was another source of variation. The acid precipitation steps at the 
outset were about 90% effective in iccoveiing the toxin from solution. Toxin can be lost 
when extraction of the acid precipitates is incompleie. however, 5ome losses are acceptable 
in the interest of time and simpliciiy. Repeated extractions of the add mud can recover a 
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ct^*. * ... . Precipitate dissoJved In 

First crystallization ^ yswi phosphata buffer E thanol precipitation 
Cryst-volume 95ml ' 20mi 4M ammoniun, Total volume 21Sml 



Crystals dissolv«l\20ml 4M ammonium 
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Second crystallization 
Cryst. volume 95ml 



1 



Additional crystallizations 
as needed 



Figure 2. Ctos^ntf vm hofi^linym type A crystalline toxin purificaiioo scheme. 
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Table 2. Toxin prodoction bva»^rfmmhnt„i;^,^^ HaH A af ter 7 days i 
casein hydrolysates and recovoy following add pocipiiation.* 



Toxin tiler pHafier 



Tiler after 



TTIoi#9NC29 


136xiO<> 


5.76 


6.0x104 


Tnoi#lNB05 


1.16x106 


5.89 


L9xl05 


TTlo^ONUO 


8.8 X lOS 


5.85 


l-8xl05 


Blo*0ND05A 


9.6 X I05 


5.73 


2.2x105 


Bk>i#2ND20 


1.5 X I06 


5.53 


6.8x105 


EKCloeHJJDlOA 


l,6xl06 


5.53 


<4xI04 


EKCIo«0NKl9 


1.16 xI06 


5,S8 


2.1x105 


EKCIo»lNK18 


6.4xl0S 


5.87 


<8xl03 


AIotflNDOlV 


9.6xl0S 


5.78 


1.1 x 105 



%imfd4 

95.6 
83.6 

79.5 

77.0 

54.7 

>97 

82.1 

>95 

88.5 



sdn hydrolysaiB, 1.0S6 yeast exbact (Difco). 0.5% 



^Medium consisted of lliier of 2j0% c 
glucose, pH 7.4. 

^AII peptones wen. obuiined from Sheffield LalKm«ories.Inc..Noo«ch,NY 
^o«city was estimated using Ae intiaveaeoos method of Bonrffand Heck (19661 
^axicityofsupen^atancswasdetennincdafierarfdificM^^^ 
aHowmg piecipitatc to settle for 24 h. 

precipitated = starting titer- supernatant iiie,yitaning titcrX 100. 
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higher percentage of die toxin (daia not shown). Qystallizadoa of ihc type A toxin 
complex results in losses due lo the fact that not aO of the toxin present associates into 
ctystallihe foim (Su^yama et al., 1977). A scanning electron miciograiA of crystalline 
type A toxin complex is shown in Rguie 3. Losses of toxin front one ccystalfizatiQn to the 
nextaiegeiieiallyontheorderofon&-thinltoone4ialfoflfietolaL In this study losses 
from 32-6S%of the total anountof toxiii piesent hoax one crystaSizaiiott to the 
next Xbe benefit gained from addbionaloystalfizatioiis is usually a decrease in the 
ahsorbance ratio (26(V27&im) and generally an inciease in specific toxicity. Howewr, 
decreases in specific actiidQr aie not uncommon pcesomably due to increased handling of 
the toxin. 

Specific aciiviQr of the final pmdact is extiemety impotiam m phamiaceutical 
fomwdations. The higher the specific activity the fiww the ramibcr of nanogtarasreqw 
in agiven vial since each vial (forsaJe in the U. SO contains 100 LD(5o. Decnsasingthe 
qoaniity of toxin injected is desirable since there are cunenfly patients who are producing 
neutralizing antibodies to the toxin (Jankovic and Schwartz. 1991). From Table 1 it can be 
seen that final specific toxicities were variable. Avenge specific toxicities for these loxm 
batches as weU as snbscquent batches not described were in the range of 18-28 LDsi/ng. 
These uaicities are somewhat lower than those which can be routinely obtained using 
chfomatogiapiiic purification methods, in which the specific activity of the toxin is usually 
in excess of 30 Lpso^g of toxin complex (Sugiyaroa el al, 1977). 

SPS-PAGE analysis of inrin «inip^^ 

Samples taken at the various stages of type A toxin purification shown in Figure 2 
■were examined using reducing and non-reducing sodiom-dodecylsulfaie gel 
electrophoresis. The results are shown in figures 4-7. The final crystallizations of the 
three batches are coropaied side^by-side in Figure 8. 




Figiire3. Scanning deciion micrograph of ciystalKne lype A toxin maffuHed 10.00QX. 
Tfaeoyttal wasca. 6 in length. 
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1 2 3 4 5 6 



F^gOK 4. SDS-PAGE of whole cultne and fiist acid precipitation samples taken during 
purification of £. bgRHitiffm type A toxin complex, batch 2. Lanes 1 and 6. molecular 
weight mailceis (rabbit myosin- 205 fcDa, B-galactosidase- 1 ISlcDa. £ fcU phosphoiylase 
b- 94 kDa. bovine senua albumtn- 66 kDa. ovalbumin- 45 kDa, and bovine ciythiocyie 
carbonic anhydrase- 29 kDa) (SigmaX 4-5 fig protein totaL Lane 2, 5 day whole culture 
(unieduced); lane 3. 5 day whole cdture (reduced with OJS% w/v dithiodiiciiol); lane 4, 
extract of first acid predpiiaie (unreduced); lane 5. exttartof firstacid piecipiiaie (reduced). 
4-6 (xg protein each lane. 



2. Inland «.™iecul««isb.»rtBs(=Wft,^ 205 ffitl^pl^^ 
proiBin each lane. 



1 2 3 4 5 6 



Viffart S. SD5-PAGE of pellet from ethanol piediniaiion and first ciystallizaUon taten 
during purificadon of £. IsQiyllDuia type A loxin complex, batch 2. Lanes 1 and 6. 
molecularweisht maikos (rabbit myosin- 205 kDa, B-gsIactosidase- 118kDa.E.coIt 
pbosphorylase 94 kDa. bovine serum albumin- 66 kDa, ovalbumin- 45 kDa, and bovine 
eiythrocyte carbonic anhydrase- 29 kDa) (Sigma). 4-5 jxg protein totaL Lane 2, peUet fmm 
ethanol piedpiiaiion (unreduced); lane 3. extractfiom pellet of ethanol precipitaiioa 
(reduced with 05% w/v diibiothreitQl); lane 4. IX oystalUzed toxin complex (unreduced); 
lane 5, IX oystalltzed toxin complex Oeduoed). 4-6 fig protein each lane. 



! 
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12 3 4 



Figure 7, SDS-PAGE of 2X crystalUzed toxin complex taken during purification of £. 
liCMDam ore A toxin coinplex. baic^ 

chn)niatognpIucincthodofTseetaL(I982). Lane 1.2Xciy5ialii2«I type A toxin 
complex (unreduced): lane 2, 2X ciysiaflizcd type A toxin complex (reduced with 0^% 
wArdithiothieitoI); lane 3. type A toxin corapfcx purified by the meihod of Tse et aL (1982) 
(tinrcdoced); lane 4, Qfpe A toxin compiex purified by the meriiod of Tse et aL (1982) 
(reduced), 4^ (ig protein each lana 
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Figure 8. SDS-PAGE of toxin batches I (lanes 1, 2\ 2 (lanes 3. 4). and 3 (Janes 5, 6). 
Samples in odd numbered lanes arc unreduced, samples in even numbered lanes were 
reduced with 0.5% dithlothteiioL 



T1»prodllclioilofbOl.a™iOM„wBdH«n*mmd„nKd^ -ne 

Tl««»«i«oc«l«dw«a25mlrfte,™=j4hoMe.to«<rf£iau^ 

LDsoftnL »f*»»i"d>«««<no<Mribaabte«,fia,lpH«ta»ft*^^o,<«„ 
h,d™l„.,«,,hid,,»d«dl„,ind«.,b«c«rf.06u,s„taIWr,nalpH«l^ 



5.87. 



toxin 



INK18 gave more ihan 95% lecoveiy but initially produced only 40% as mucii ttMun as 
produced in the NZ amine Blo*2ND2a These resaliscfcariy show that casein 
hydrolysaie madcedly afiecied pioductibo and lecoveiy of icndn and thatmoce woik is' 
neccssaiy 10 fiiiiher ducidale ihe factors involwd m 1^ 

RNA content of y^ f^. 

, RNA is well known lo be associated with type A botulinum toxin complex (Tse eL 
al, 1982; S<*aniz and Johnson. I992X and we woe inieiested in detennining whether 
spedfic dasses of RNA were bound 10 die complex and canied thnmgh the protein 
purification. RNA was exiracied from cultmes of CL bomlinBm Hall A »t Affi^. t;^, 
pomts during incubation aable 3). The exttactibn procedwe lecoveied RNA which was 
analyzed on a 0.9% agarose-fomuddehyde gel according to the procedure of Sambrookei 
al.(1989). The analysis showed 2-3 prominent bands piesoniaMy representative of 
ribosomalRNA(Rgurc9.1ane$3-6X As the cultuie aged, the quantity of tower molecular 
weight species increased (Figure 9. hmes 5. 6). As the culture grew from early exponential 
phasetostationaryphase (8 h-24h).dKamoumofRNAaIsoincieased (Tables). As the 
cells began to lyse at around 24-48 h. theamount of RNA dropped from a maximum of 
106.6 ng RNA/ml of culture to a tow of 10.6 pgAnL RNA degrading enzymes are 

abundant in bacteria and the concewnuion of RNA in the cuhore medium should de^ 
following lysis. 

One batch of toxin (batch 3) was assayed at various points in the poriTtcatton 
procedure for RNA which might be associated widi die toxin complex fTabte 4). The 
amount of RNA associated with the toxin complex dropped during the purification. 
Approximaldy 3.4 Mg of RNA/mg of toxin complex was ddecied in die 2X crystallized 
maierialorca.0.3%RNAAngtoxin. RNA was present as low molecular weight spedes 



and none of the fiagmenis were laigja- than 
(Hgure 10, lanes 1-7). 
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TaUe 3. Quantities c^RNA extsaded from Qostridium botulmum Hafl A whole ciatuie 
after various incubation tunes. 



Samp le 
8h 
24 h 
48h 
120 h 



RNA/mlcrfdifp 
49.6 
106.6 
25.5 
10.6 



Table 4. Quantities of RNA ciiiacted from 



purificaiioD of ciystalline type A toxin, batch 3. 



toxin pre^aUoDs at various steps in 



MS RNA/ 
ml samp lff 



iDg protein/ ngRNA/ 
lei 



2nd acid ppt 


576 


2.10 


274 


EtOHppi/kiipr 


292 


1.62 


ISO 


EtOHppi^ 


169 


3.83 


44 


IX ciysi/siipr 


44 


3.88 


11.3 


IXoyst/peU 


18.8 


3.91 


4.8 


SXciyst 


8 


2.37 


3.42 



1.8S 
1. 85 
1.86 
1.90 
I.S9 
1.S8 



Wl 00 BCA assay data of iMal piotdn fio^ 

W 3 lud a 26aG78nm absort««e n«io of 0.56 and a specific loxi^^ 



of28U>j(/ag. 
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Figure 9. 0.9% agaiose-fonnaldefayde gd of RNA from whole calinie of aosiridium 

IS&tiUmiiia type A Elan strain. Lane 1, Hind HI digestion of lambda DNA, (23 kb. 9.4 Icb. 

6.6 kb. 23 kb. 2.0 kb, 0.56 kb); lane 2. blank, lane 3, RNA extract from 8 h culture of 

Hall A, lane 4, RNA extiaa from 24 h culture of Hafl A. lane 5, RNA extract from 48 h 

culture of Han A, lane 6. RNA extraa from 120 h culdire of Hall A, ca. I |ig total each 
lane. 



1 2 3 4 5 6 7 8 9 10 11 12 



Figiire 10, 0.9% agaiosofomMldehyde gel of RNA from ptiriecadon of toxin complex 
of aosttidium botulinum typa A (Hall strain), batch 3. Lane I. second add pi«cipitate; 
lane 2. cthanol predpitete (scpenwiant); lane 3. eihanol iwecipiiatc (pellet); lane 4, fust 
oystallizadon (supemaiantX lane 3, fiist crystallizaiion (ciystalline toxin); lane 6. second 
oysianizaiion (snperaatant); lane 7, second ciystaUization (crystanine toxin); lane 8. RNA 
extraction from 24 h cultne Hall A; lane 9, RNA extraction from 120 h culture Hall A 
Lanes 1-9 were each loaded with ca. 2-3 ng RNA extract eacb. Lane 10. blank; ianc 11, 
BioRad low molecular wdgbt RNA maikets (1.6 kb. 1.0 kb. 0.6 kb. a4 kb. 03 kb). ca. 
1 |ig total; lane 12, BioRad high molecniar weight RNA maiicers (7.4 kb. 53 kb. 2.8 kb, 
1.9 kb. 1.6 kb). ca. 1 fig total 



Discussion 
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Tliepuiificadon of lype A botolinum toxin for medical use has been done ^ 
series of precipitations and oystallizations ori^nally dncidaied in 1957 by DufT and 
cowoikeis. The piec^tati(mmediod was used 10 produce the only batch of toxin licensed 
so fiv in the UnitiEd Stales by die Food and Drog Admimstradoa and ^ 
Schantz at the Food Research Institute in 1979 (Schaniz and Johnson. 1992). This 
paiticular method was chosen in pan becanse these would be no danger of od»r mateiials 
ebitinj; fiom cohnnns and conlaminadng the final product and possibly causing allosic 
reactions (Schantz and Johnson, 1992). Currently, it is possible to avoid such difficulties 
with caefiil uiendm to the column matrix, pr^ntation of the column, and running 
conditions. Also, since stodksuspensims of ctysiaUine^rpe A loxin can easily be kepi at 
concentrations as high aslO-20 mg^il, <filudng the mxin to theiapeudc doses (ca. 10^30 
would lend fo dihne most ooniaminanis to non-reacdve levels. Ihere are more efficient 
methods of purifying protein available today including various types of column 
chromatography (Tse et aL, 1982; Woody and DasCupta, 1988). and these methods 
should be consideied for isolating toxin with high specific toxicity. 

Diffeienc p^MMies (casein hydrolysates) were found in this study K> affect 
produciioa of ty^ A toxin complex by the HaU A strain. The peptones were incotpoiaied 
at 2.0% into a solution containing 1.0% yeast extract and 0.5% glucose. pH 7 A There 
were significant differeaces between the various kinds of peptones as well as among lots of 
the same kind of peptone (Table ?). The mechanisms by which peptones affect toxin 
production and quality are not known. From ihe work done with C- ^SS& in the 1950's 
and 60*s (Mueller and Miller. 1956; Latham et aL. 1962). it is possible diat a given 
peptone coniains either a limiting peptide which limits the availability of an amino acid or 
that the peptone contains something which is inhibiting toxin fomiation. Recent woik widi 
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minimal media for Q. lajuiliinatt has dncidated some of the reqaircments for toxin 
synthesis in group I (proteolytic) and group n (non-proteolytic ) strains (Leyer and 
Johnson. 1990; PatiBtson<^irtis and Johnson. 1989; Whiimer and Johnson, 1988). For 
Group I C. JjjaBKniHB. it was found dial arginine and phenylalanine were essential for ' 
growth and toxin production. However, it was subscquenUydctcnnincd that high liwls^ 
arginine inhibited protease and toxin fomation in bodiC isuHlinnm HaD Aand Okia B 
(PSiueison-OiiiisandJotaisoa.1989). High levels of iiypiophan were shown to inhibit 
theprodtirtionoftypeEbotulinal toxin (LeyerandJohnson. 1990). Future woik into the 
mitritional lequirements of C-toBnam toxin fonnation may ducidaie the reasons for the 
discrepanciM obsenred between the various peptones. 

Cireful handling of C-lsaylHUmi during purification is criti^^ 
recovery. TT^Kwdn is vciysuscepuT)te to demmiration on the surface of air babbles m 
sidewallsofthevesseldueioj^donandinsomeinstam^stemperatnre. Ihere is usually 
»me loss at each step in the purir««ion due lo these facton ,^1^ 
methodused. Maximizing die antoum of loxin recovered is dependent m^ 
quandty produced by C- kauliomn and the amount ^covered in the fina acid predpiution. 
TTiequantityofioxinproducoiisdepadenionthelotofpeptoneusedlnd^ TT* 
peptone composition also affects de flocculatioa and settling of toxin on aci<fificaUon of the 
culture. Oneway aimmdUusprobtemofioxinstayingsuspendedindiespenicuIime 
medium is ccnirifugaiion of die entire cninire which is trivial if equipment such as 

continuous now centrifugesare available bm is veiy tedious and labor inlensivetf^^^ 
standard ccntriliiges are present as cultures for buDc toxin production are typically 32^ 
liieisinsize. al. (1957) repotted that toxin also precifntaiedpooriy when stock 

cultures of IffltulinaE, Hail A which 

time and weresuhsequcnilyusedfortoxinproduciion. Qilmres stored frozen at -20^ did 
not show this phenomenon suggesting that Aere was physirfogical modification of the 
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orgamsm during refrigerated storage. TTie necovery of toxin on acidification appears id be 
related to the properties of the seed culture and also to the peptone composition. 

When type A toxin complex ispnrified using ilie method of Duff etal. (1957^, it is 
possible lo maximize recovery at a few key steps. TTie rate of acid addition in both of the 
add precqritations. the first to the crude culture, and the secaid to th^ 
add pnscipiiaie. does not seem to have any effect on cither yield or the specific activity of 
the matoial recovered. Pferfoiming a second extraction of the first add mud results in 
recovery of ca. 10-20% more toxin being recovered (dau not shown). However, the 80- 
90%rBcoveiBdinihefirstexifactionisusuaIlyacoepiable. Thesameiesoltscanbe 
observed forthephosphatecxiractionofthe second add mud. TTic recovery at this step is 
lower (on the orderof60-70ftX Subsequent reextiactionofihepdleied material can 
recover an additional 10- 15% but is usually not done. 

Ethanol piedpitaUon of the toxin is an extremely sensi live step m the purification. 
Toxin is denamred by ethanol at temperatures above ca. 2-3^ (Enghud and Sdfker. 1990). 
Great caie must be talcen io ensure that the (empezature slays low during the exothermic 
addition of the 50% ethanol solution and that mixing is rapid. Recently, we found thai 
doubling the volume of the ethanol predpiiation from 215 id of chiUed toxin extraa to 430 
ml for large (>30Iiier of crudecultme) batches of toxin greatly increased the percent yield 
atlhisslep. TwopossiUeexplanaiionsfi)ctheca.5-8foldincrBaseinioxinrecoveredare 
that die eihanol as a predpitaiing agent was somehow limiting on the smaller scale or more 
likdy that the larger vohnneofchilted toxin resists temperature fluct^^ 
addition keeping the temperature low. FdUovidqg the overnight -5*C incubation, the 
predpitated toxin is cemrifiiged ftom the ethanol soludon and ihe eihanol decanted as 
rapidly as possible. Here, doing the ethanol precipitation step in the centrifuge itself means 
that die toxin does not have 10 be tnuisferred fi«m the pnKipitatioQ vessd to a centri^ 
bottle allowing the toxin to warm sfighUy. After the centrifuption step, the supernatant is 
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decanted and the peUci iramediaiely coveted with 0<^ SOtaiM sodiom phosphate buffer. pH 
6.8, and homogenized with a ^ass rod. This step must be done quiddy to ensure that 
residual ethanol present with the pellet is diluted to minimize denaturaiion of the toxin as the 
temperatme rises. Toxin is unavoidably lost at this point due to surface depaturatioa from 
the mechanical stiirins. 

Qysiallization of the toxin compfex b accomplished by the addition of 4M 
ammonium sul&ie to a final concentration of ca. OS-OSM. This amount of ammonium 
sulfate is lower than that which causes which canses prectpiiation (ca. >50% saiunied 
ammonium sulfate or 2.0 M). Ptesumably. the ammonium sidfaie acts to reduce the ionic 
interactions between the toxin complex molecules to the poini which favois protein-protein 
interactions neoessaiy for alignment into a crystalline stroctme between individual toxin 
complex molecules. Uinay be that without anmiooinmsulfiuepresem the ionic inieracti 
are nsOom causing anaitgements unsuiied lo oystallizaiion but with low concenintions of 
the sate present only iniciactioos that are mediated veto, shorter 
hydiophoUc interaction and van der Waals fbices are present which may aUow proper 
alignment into a crystalline laoice. 

Hie loss of toxin from one oystallizatioa to the next is substantial (on the onler of 
one-iMid to one-half). InoidertominimiTCthemimberof CIystanizalioos^eedcdtokww!^ 
the 260ms nm absoibance ratio io the required 05-0.6 range and thereby reduce oveiaU 
toxin loss, the crystallizations must be dtae stowly and aHowcd to go the complete 
Addition of the 20 ml of 4 M ammonium sulfate to bring the solution to a final 0.84 M 
conccntradoD should be dntpwise with continuous stining. The addition should take place 
over a period of ca. 30 min to ensure that the toxin is not precipitated due to ammonium 
sulfate concentration gradients fonning. Incubation times ofeachciystaffization are 
variable. TTieciystalsusuaDy begin to fomioveinight at 4't: and are visible as a ^ 
of the originally clear to sfightty straw cok>red solution. The crystallizaiioo con 
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the crystals diemselves piecipitate usually within 7- 14 days. Sugiyama et al. (1977) 
leported that complete ciysiallizafioR was achie^ in seveiai months. After 7-14 days, the 
crystals (Flgwe 3) me s^araied froni the mother liquor by centrifugation. The crystals 
dissolved in SOmM sodium [diosphaie buffer, pH 6.8, and the absorbance ratio at 
26(V278Qin detennined. Tonin complex present in mother liquor which has been separated 
from the ori^nal crystals will coniiniie to form crystals even after >14 days incubadon in 
die first cfysiallization aldiough die process is slow. This indicates diat die crystallization 
process is protein concentratioD d^Kndent widi die majority of die crystals forming 
relatively quiddy and falling out of SQlution. As die concentration of toxin compiex in 
soludon decreases, die raie at w^iich crystals form also decreases. 

Another exphnaiioD for die reladvely poor recovery of toxin during crystallizadon 
using die modified mediod otDaSetiL (1957) was provided by Sugiyama et aL (1977). 
Hiey propose that toxin complex which bad been chroroatographicaUy purified prior to 
crysiallizatioa had a higher penceniage recovery possiUy due to kmer interference frr^ 
trace amounts of contaminating protdns. Recovery following crystallization of type A 
toxin complex was significandy higher (80% versus 42%) in dieir study when die loxic 
material was chromaiographicaUy purified instead of ediand precipitated. 

The two-fold goal in examinanon of RNA extracted from samples taken during 
purificadon was io duennine die amount of RNA present in die purified toxin and to 
examine die BINA present to see if one species of RNA, perhaps an mRNA conesponding 
to that of die toxin gene was present in crystalline toxin. It can be imagined diatsndi an 
mRNA could bind to die toxin complex and be carried dirough die purificaticm procedure. 
RNA extracted from samples taken during toxin purification was compared to dial obtained 
from 24 h and 120 h whole cultures of C lisauliSIIQl HaH A (Figure 9). Sampfes from 
whole cultures taken at 24 and 120 h showed large molecular weight bands of ca. 2.9 
kilobases Ocb), IS kb, and 0.8 kb. along widi smaller fragments of < 0l6 kb (Hgtro 9, 



lanes 9, 10). These bands are the tppmxmaitc molecular wc^ts indicative of 23S and 
16S rRNA, lo connast, samples taken during purification of toxin complex (Rgure 9, 
lanes 2-8) showed mainly smears of <0.6 kb which are indicative of breakdown fragments 
oflarssrRNAmoIecales. lie lefA purified from both the whole culture samples andlhe 
samples taken during tomn purifKaiion waspiobcd inaNoitiiein blot using a DNA probe 
to the toxin gene. Hic probe bound non-specifically to molecular weight mariceis and 
slightly to die 2.9 kb and 1^ kb bands of the 24 h and 1 20 h whole cultme samples but not 
to the samples tdoen doting prolan iNirififation. This lesub indicates that if the RKA 
awn ri aiwl with the toxin complex is a specific messenger it is not representative of toxin 
mRNAorthatiiispresentinverylowanioimis. The RNA that is associated with [he 
complex is most likely iRNA that has been fragmented and assoctaies noihspecificaUy widi 
the toxin complex in die culture: 
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CHAPTER V 

Stabilization and recovoy of type A and B Clostridiiiin hnt»ii«««^ 
nenrotorins following lyophilization 



Modified fircHn the piAlkaticm in 
Ai^Iied and Ebviionraental Microbiotofy 
Votome 58, pp. 3426-3428. 




Botdinal toxin is used in vety small quantities medically for the tieaiment of q)astk: 
moscle (fisordeis due to its ability to inhibit motor-neoion signals to muscle fibers causing a 
flaccid paralysis. Boialinal toxin must be lyophilized or fieeze-diied to allow for shipping 
and handling ofthe relatively ddicaie protein. Recoveiy of type A and B toodn activity 
foHowii^ lyophilizatioo was depeodent on a number of lactois. Omditions were found 
that gave >90% lecovety of the toxicity followmg lyqilulizaiiQa of solutions coitfaimng 20- 
2,000 mouse 50% lethal doses. Recoveiy of toxicity following lyq>hilizadon of type A 
and B toxin complex as well as the purified ca. ISO Id3a tt»dn molecnles was obtained on 
diyingai nd when the pH was niaintainedbekyw 7.0 and serum albumins or odier protein 
exdpienis weie used as stabilizes in Uie ^>sence of sodium chloride. Temperature siabili^ 
of lyoirfiilized Qrpe A toxin prqnrations was improved by addition of trehalose to die serum 
albumin system bat not by addition of sucrose or mahotriose;. 



IntrpduCtipn 
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Closmdium boiulinaiq is a heterogeneous group of gram- positive. anaerobtc» 
endospoie fonning. nxi-sh^ied oi]gamsms that have in conunon the chaiaeteristic t&at they 
produce one of the most potent pioieinaceoasnenrotoxinsl^^ TheendosporesofC 
bpttfBiyn arc found worldwide in soils, marine, and ficshwaio- cnyironments. C 
feotglinum is classified phenoqrpically and by the serotype of lorin ptodoced. Theieare 
seven serotypes of toxin cunenUy recognized (A. B. Ci, D. E, F, and G) (Simpson, 
198 1). Hie individoal toxins synthedzed by a ^ven sera^rpe axe found picsciit along with 
non-toxic protons some of which have hemaggludnating propeities (Sugiyania. 1980; 
Sakagochi. 1983; Schantz and Johnson. 1992X There is some antigenic cross^rcaciiviiy 
between the non-toxic proteins. This indicates that tfaeie is some amino acid sequoce 
homolo^ fonning common three dimensioiial epitopes amoqg the non-toxic pro^ns of 
the complexes (Someis and DasGupta. 1991). 

NeuiXWOXins tWOduced bv C. hotnlinam am lary- mnlprnlaT nw^ight p,v.t«-«^ ^f^<;^ 
150 kDa (Sugiyama, 1980). Type A botulinal toxin is initially produced as a single peptide 
chain orprotoxin of 1295 amino acids in length (Binz. et aL, 1990; Thompson et al.. 
1990). This pratoxin must undergo post-translationai proteolytic cleavage or niddng to 
achieve its characteristically high towciiy (Sugiyama et al., 1973). Tlie nicking event occurs 
about one-third the disiaiM% from the N-ienninu& This nicking event generates the 
dichain molecule comprised of the 50 kDa light chain and ICO kDa heavy chain. The 
individual diains are connected by one disulfide bridgCL TTie neurotoxin molecule exerts its 
chaiacieiisiic muscle paralysis when the C-tenminus region of the heavy chain binds to a 
receptor on motor-neuron end plates. The light ch^ is internalized duough a channel 
formed by the N-mminus half of the the bound heavy chain, and causes an inhUntion ctf 
neorotransmitier release !^ a mechanisra involving proteolytic cleavage of vesKle 



120 

associated membrane proteins (VAMPs) (Schiavo et al., 1993). This lack of 
nctirotransmlner dgnaJ across the synaptic junction to the muscle causes the flaccid 
paralysis seen in cases of botulism (Simpson, 1989). 

Type A neurotoxin produced by Q. botulinum is present as pan of a complex of at 
least seven different noncovatently bound proleiiis (Somers and DasGupta, 1990). In 
cultuie media this toxin complex associates into dimeis or trimeis with a moleciilar weight 
ofal)out<SQ0and9OOIcD9uiespecttvsIyCrsetta].. 1982; Habetmann and Dicker, 1986). 
The type A neurotoxin m<decule has a mcriecular weight of 145 Id)a (Gimenez and 
DasGupta. 1993) and in its fully active state con^ts of two sepaiaie peptide chains of 93 
and 52 ]d)a that are connecied fay a disidnde link between cystdne residues 430 and 4^ 
(Btnz et aL. 1990; Thompson et al.. 1990). Type B taaaa produced in cultnte is a raixiuie 
of two different size complexes. The larger or L complex has a molecular weight of ca. 
500 kDa while the smaller or M complex is ca. 300-350 kDa (Kozaki et al., 1974; 
Sakagnchi. 1983). IncooliasttotheQrpeAIianstiaiiuproieolytktypeBsGrainsdonot 
fuUy adivaiB the neurotoxic proioxin molecule associated with both craiplexes 
consequently a significant ptopottion of the toxin in the complex is present in the protoxin 
fomi. In these studies the two different size type B toxin complexes were not separated. 

After some 23 years of development, a ^gle batch of ^pe A ciysiatline toxin 
complex was licensed by the Food and Drug Admiinslntion for me£cal use in Ifae United 
States (Schantz and Johnson. 1992). This batch (#79-1 1) was produced at the University 
of Wisconsin-Madison, Food Research Institute in 1979 by Dr. E J. Schantz, and is 
currently used in die treatmem of hyperacdve muscle disorders and dystonias due to its 
mode of action (Borodic 1991; Juikovk, 1991; Scott, 1989). Disoiders approved for 
treatment in the United States include ble{Aarospasm, strabismus, and hemifacial spasm. 
Other dystonias being treated with type A toxin complex on an mvestigational basis 
worldwide include toniadlis. abenant regeneration of the seventh facial ntsve. myofacial 
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pain syndromes, and othas (Borodic, 1991). Treatment of patients involves injecting veiy 
smaU quantities (nanograms) of the toxin directly into affected muscle groups causing a 
regional decrease in muscle hyperacdviiy. High quality type A toxin complex for medical 
use has a specific toxicily of 3 x 10? moose intrapemoneal 50% lethal doses per mg (LDsc) 
(Schantz and Johnson, 1992). 

BotuUnal toxin is ycty susceptible to denamration due to surface dcnaturaiion, heat, 
and aOealme conditions. Lyophilizaiion of botnlinal loxia is the most economically sound 
and practical mediod of distnTnidng the prodwa in a fenn that 
thedinician. ITw cuiiemconMeroial type A botnluial torn product is made by com 
up to 500 ng/hil of type A toxin complex in 5.0 mg/ml human senun albumin (HSA) with 
9.0 mg/ml sodium chloride at a pH of 7J. After dissoluuon. 0.1 ml is dried to obtain 100 
± 30 active U of toxin. 05 mg of HSA, and 0.9 mg of sodium chloride per vial. This 
product has a saline conoentnuion of 0.9 % when reconsiiiuied in 1.0 ml of dH20. TTie 
current fonnulation gives considerable loss (up » 90 %) of activity during drying 
(Goodnough and Johnson, 1992) causing formation of inactive loxin that probably serves 
as a toxoid inciting antibody formation. In large dose applications, aniifaodies have been 
detected in patients that have become reftactory to ireaiment (Gieene. 1987; Borodic, 1991; 
Jankovic, 1991). 

One goal of our research has been to improve recovety of active toxin follovwng 
lyophflization. This reduces the amount of toxin lequiied lo obtain 100 active LD50 per 
vial. TWsimpfOVBmert would also nxhjcc the amoum of inactive loxio in each v^ 
would lessen the possibUity of antibody fonnation after injection of the preparation into 
patients. We have devdoped formulas which allow high recovery (>90%) of both type A 
and type B toxin complexes as well as purified type A and B neurotoxins. 

TTie current commercial product must be stored ai a tempeiamre of -lOX or fess to 
maintain the labelled potency for d« one year shelf lifeL The product would be 



considerabily improved if conditioas weie developed that maintained didf-stability at higher 
sunage tempexatDses. This would facifiiaie imue piacdcal shipping and storage of the 
toxin. Li this siody, we have improved the fteeze-diying formula of Goodnough and * 
Johnson (1992) by adding caibohydiate excipients (chiefly trehalose) to increase the glass 
transitioD tempenioie of the diied mateiial and theieby incieaang the n^ 
temperatuie. This improvement should enhance the lempexanae stabiliy and lessen the risk 
of loss ih potency with cone^NXufiiig degradation and incnase in antigenic poiendaL 
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Materials and Merifiy ^j^ 



Bacterial stnaws and ciilttTq>g 

The Hail A strain of type A C botntinmn itwH j^»r^ r^^] i^pp ^ 
complex. This strain was originaUy obtained fioni Dr. J. a Mueller at Harvard University 
and was further screened for high toxin liien at Fbit Detrick. MD by Dr. E. J. Schantz and 
cowDite. ThisstrainisioutindyascdforproductionoftypeAbotalm 
hifhT(feintiaas and the rapid onset ofceU lysis (usnaUy within 48 h^ TVpc B toxin was 
produced from the proieoj|ytic OfciaB saam of C botolimim. This iain was obtained. 
&om the Food Research Insiinitecultuie collection. ' 

Stock cultures of £. bptpKngm Hall A and Okra B wens grown statically in 15 ml 
Hungate tubes containing 10 ml of cooked meat medium +03% dexsose (CMM, [Difco 
Laboiaiories. Deiioiu MH) under an anaerobic atmosphere (80% N2, lO^COj. 10%H2) at 
yfC for 24 h and frozen ai-20'C until uscl CMMculiwcs of iheHall A strain give toxin 
titer5inexoessofl06LD5oAnlin48-72h. CMM culiures of the Olaa B sttain give toxin 
titers in the range of 5-9 X 105 LDsofml in 48-96 h. Type B loxin tiieis may be increased 
by trypsinizatioa to increase the proportion of fully active nkfced loxin molecules 
(DasGupia and Sugiyama, 1977). However, this procedure would necessitate the removal 
of trypsin and was not done in this study. 

For toxin production, cultures of Hall A and Okra B were grown statically in 12-15 
Htervohmes of toxin production medium CIPM)consisdngof 2.0% NZTT(k)t#9NC29) 
casein faydtolysaie (Sheffield Laboratories, Norwich. NY). 1.0% yeast extract (Kfco). and 
a5% dextrose. pH73-7A for 5-7 days at ST'C Culturesof HaU Aimd OkraB showed 
heavy growth in this medium during the first 24-48 h followed by amdysis of the culture 
which was evident as a clearing and settling over the next 48-120 h. The Okra B strain did 
not produce toxin tilers as high as HaD A nor <fid it lysc as rapidly or cbmpletdy. 



Type A toxin compler narificarinn 

Type A toxin complex fw use in (bying studies was purified from culture broih 
asuig both the n)A-appn)ived iiietfiod imr<dvin£ piec^ 

toxin complex (a modification of the method of DufTa aL, 1957; see Chapter IV, ihis 
theas) and by a method unng preparative oohinm dnoniaiaeiaphy (a modification of the 
method of Tse. et al. 1982). To prepare ciysialfiiK type A toxin, the 5-7 day culture was 
addified with 3 N salfniic acid lo friH 3.4 and the resulting precipitate c<mtaining the toxin 
complex collected and exiiacied by adding Caa2 lo a final concentration of 75 mM and 
raising the pH to 6.5-6.8. TTieextraci was siincd for2-4h atroom lemperattie and the 
toxin, now in sdlutioa. separated from the ceDubr debris by centtifugation (1 2,000 x g. 5- 
10<Y:.20minX Thccxtiaciedioxinwasreprecipilatedby the addition of IN HQ to a final 
pH of 3.7 and coltected by centrifugation (12,000 x g, 5-1 0*C, 20 min). The toxin pellet 
was dissolved in 50 mM sodium phosphate buffer. pH 6.8, clarified by centnfugabon 
(12,000 xg. 5-10^ 20 mitt) and the volume made to 150 ml wAh buffer. Extracledioxin 
was cooted to 0-2«C in a constant fempeianiie bath and 65 ml of 50 % eUianol precoofed lo 
-2ffC added (15% final concentration} slowly with stirring over 30 min. The ethanol 
precipitate was incubated overnight at -2 lo -S'C The foxin was coOecied by centrifugation 
in a refrigerated centrifuge (I2j000 x g. -5°C 20 min) and the supenuitant rapidly 
decantedL Residual eihanol was dUuied by addition of25-50 ml of 0^ 50 mMsodhm 
phosphate buffer, pH 6.8. and the pellet gently homogenized with a glass rod. The toxin 
was dissolved to a final vohnne of 75 ml of the phosphate buffer, daiified by 
centrifugation (12.000 x g.5-10«C 20 min) and aystalfized by the addition of 20 ml of 4 
M ammonium sulfate (ca. 0.9 M final concentration). Toxin crystals were allowed to form 
at 4«C for 7- 14 days. Crystals were coHecicsl by centrifugation (12,000 x g. 5-10°C, 20 
min). redissolved in 75 ml of 50 mM sodium phosphate buffer. pH 6.8. and recrystallized 
by adding 20 ml of4Mamm(mium sulfate. The ^ A crystalline toxin used for diese 
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studies was ciystaffized twice in the (wcsence of 0^ M ammoniani sulfate and had a 
2€0mS ma absorbanoe ratio of 053. TTje extinctioii coefikiem for type A loxia complex 
is A278 1.65 = 1 rag/ml (Knox et aL. 1970). 

Type A toxin complex was also purified chromatographicaUy by the method <rf"Tse 
eiaL(I982). Extracts of the fiist add pradpitaiirf material were did 
sodium dtiate, pH 5.5, and dnooiaiDgraplied at .-oom iempeniuie on a 1 liter DEA& 
Sephadex A-50 column (Sigma Gbemical Cd. St Louis, MO) equilibnted with the same 
buffer. One-tenth the column volume or less was chromatogiaphed in a single passage 
with the toxin complex ehidng in the fiisieohumivohmic without a gradi^ Ractioos 
from this protein peak which had a 26(Km ahsortMDce n«k> of less thffl ae WW 
and piecipiiated by the addition of solid ammonium sulfate to ca. 60% saturation (39 g^lOO 
ml). 

Tvoe A netimtOMi. pHnfe^i^rrn 

Type A neurotoxin was purified from the associated non-toxic proteins of the 
compbx by a modification of the method of Tse eiaL (1982). Toxin complex recovered 
from the DEAE-Sephadex A50, pH 5.5 cohimn was precipitated by addition of 39 g of 
sofid ammonium sulfate/lOQmL TTie precipitated toxin complex was coDected by 
centrifogaiion (12.000 x g, 5-10^ 20 min). dialyzed against 25 roM sodium phosphate. 
pH and applied to a DEAE-Sephadex A50 cohimn equiUbraied with the same buffer. 
The binding capacity of this particular matrix under these conditions is 0.9 mg of 
complex/ml of swollen geL Various size columns were utiHzed by applying ca. 90^6 of the 
column binding capacity. Toxin was separated from the non-ioxic proteins of the complex 
and elated from the column with a linear (W) JM sodium chloride gradient. Toxin eluted 
from the column in the first peak and fractions which bad 260/278 nm absoriunce ratios 
<0.6werepooledandprecq)itatedbyadding39ganunoniumsulfate/100mL Material 



recoveied from die DEAE-Sepbadex ASO ctAaam at pH 7.9 was further purified by 
chromatogFa^by on SP-Septiadex CSO at pH 7.0. Ptedpitaied tonn from DEAE-Sq>hadex 
ASO columns at pH 7.9 was collected by centrifugatioa (1 2,000 x g, S-IOT; 20 min),and 
dialyzed against 25 niM sodium plK>S(rfiate« pH 7.0. The dialysd toxin was applied to 25 
ml SP-Sephadex CSO in 25 mM sodium phoqyhate. pH 7.0. Gontanunating material did 
not bind to the column under these ocncfiiions. The togdn was doled with a linear 0-0.25 M 
sodium chloride gradient 

TVpc B tCMrih complex purificatinn 

Type B toxin comfdex was purified from crude culture flmd by a medxxt involving 
the cbiDmatographic procedure of Tse etal. (1982). Cultures of £. botulinurg Okra B were 
acid piecipitated to pH 3.4 using 3 N sulfuric acid. The acid mud was extracted once with 
75 mM Ca02 and raising the pH to 6^6.8 analogous to purification of oystalline type A 
toxin. Hie clarified extracts weic lepiecipitaied by lowering the pH id 17 with 1 N HCL 
the second add mud was then extracted with 50 mM sodium dtraie buHer, pH 5.5, and 
the clarified exmct dialyzed against the same buffer. A mixtus of L and M type B toxin 
complexes were isolated l^chromaiogfapby on 1 liter volumes of DEAE-Sephadex ASO 
6qoilibialedwitb50inMso(fiumcitiaie,pH5.5. One-ienihihe column volume or less was 
purified in a single passage wiih type B tosun complex eludng in the fiist column vofaime 
widwut a gradient Fractions whic^ had 260/278 nm abs<ffbance ratios <0.6 were po<^ed 
and piecipiiated by addition of ^ g ammonium sulfate/100 mL Tlie extincdon coefficient 
used for type B toxin complex was A27S 1.35 s l mgAnl (Beers and Reich, 1969). This 
pool lepRsented type B toxin complex with a specific toxicity of 4.2 x 10? IDss/mg, 



Type B nRiirotoxiii piirififfltf^p, 

Type B neurotoxin was purified from ihe cxmptex by a combined method involving 
the methods of Tse et aL (1982) and Mobeig and Sugiyama (1978). Type B toxin complex 
in 25 mM sodium phosphate. pH 7.9, was applied to DEAE-Sfephadex A5Q (Sgmar • 
equilibrated with the same buffer. Rmially pacified type B neocotonn was eluied fiora this 
cdnmn with a MS M sodium chloride gradienL Type B toxin fractions which had 
26(V278 nm absoifaance ratios <a6 were pooled and piedpitated by dw additioi) of 39 g 
amnfofiiimisulfatenOTmL Pwcipiiaied materia 

phosphate. pH 63. and applied lo apAPTG-Stpha«)se4B column (p-arainophenyl-frD- 
iMogalactopyianoside) eqaUibrated with the same baffer (Sigma aemical Co.). The 
charged column was washed with 5-10 column volumes of Uic loading buffer and the torn 
eluted by changing the buffer system to 100 mM sodium phosphate. l.OMsoditmi 
chloride. pH7A I^nswh5chhad2fiOa78nmahsortMiiceiados<0.6weicpw^^ 
and precipitated by addidon of 39 g aimnomom sulfaie/lOO mL 

ElectronhnrRSM 

Protein samples were examined elecirophaietically using die Pharmaria 
Phastsystem (PhannaciaLKB Inc., Piscauway, NJ) according to d« manufactuim 
instructions. Ptocast 12.5% acrylamide gels (Pharmacia) were stained widi ai% 
coomassiebrilliaMbhieR250inl6.7%aceiicacid.41.7%medianol. Gels were descdned 
in7Ji%aDciicacid.25ft methanol Samples for electiophoiesis were solubUiied in 50 
mM Tris-HQ. 5 M uiea. 5% SDS. 20% glycerol. pH 6.8. Some samples woe reduced by 
ad(fiiion of dithioihreiiol to a fmal concentration of 0.5%. All samples for SDS-PAGE 
weie boiled for nun prior to electiophoiesisL 
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Toxin assays. 

Toxin titers were estimated in mice usin^ the intravenous inediod of Borofif and 
Fleck (1966) and the intrapentoneal method of Scfaantz and Kaudcr (1978) in 18-22 g, 
female. ICR strain nuce^ Tune-io-death values obtained fiom intra.venous tiuation of type 
A and B toxin samples weie omvetted to intraperitoneal LDso^ 
geneiatcd in ourlaboraioiy with type Acomptex. Botulinal toxin Ibr titration w» 
dissolved in 50 mM sodium phosphate, pH 6.8. and then fimber <fihiied as lequtied in 30 
mM sodium phosphate, 0.2 % gelatin, pH 6.4. 

LvopWliTation and wripM^f^ 

Ffx lyofdnlization. toxin samples weie diluted in the exciptenis to be tested (aS 
excipients were from Sigma Ca»emical Co,), 0.1 ml or 0.5 ml aliquoied into 2 ml glass vials 
(Fisher Scientific Co.. Pittsbmgh. PA), the teflon lined soew cap dosuies fastened 
loosely, and the sampJtequidUyfrozai in liqmdnitroig^ The firaen samples wwc placed 
into a lyophilizadon flask which was then immeised in liquid nitrogen. The flask was then 
connected to a laboratory fieeze-drier (Vinis Fieezmobifel2. Vittis Co.. Inc. GanJiner. 
NY). When the piessme dropped to ca. 30 mToir, the liquid nitrogen jacket was lemoved, 
Ptessoie was maintained at or bdow 30 mTorr and condenser teraperamre was constant at 
-eooc. Samples were allowed lo come to room hanpeiatore and diying continued at 
ambient temperature ovcrihc next 18-24 h. At that time die flask was removed and the 
vials tighUy capped. Vials were assayed for toxiciiy within 1-3 days (adapted fixra 
Goodnongh and Johnson, 1992). 

Some vials of lyophilized type A neurotoxin and type A toxin complex were stored 
at various temperatures to investigate the effect of added exdpients on the shelf-stability of 
the dried material In these cases, the tightly capped vials were placed into plastic bags. 
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sealed and stored at various temperatures (-20, 4, or ST'C) and the coatents assayed for 
toxidly at vaiioiis time points. 



I 



Results 
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Tp^m pwifiaiiiaL 

Samples of ciystalline type A toxin ccnnplex eleciroidioiesed on sodium 
dodecylsi>lfaie-p<d>acryIaiiude geis (SD5-PAG^) diowed banding paaems typical for type 
A toxin complex CEngme I, lanes 1.9. ChioaiatogfaphicaUy purified type A tonn 
complex was electrophoieiically equivalent to the ciystalline mateiial on SDS-PAGE 
(Hgnie 1, lanes 3, 4) and diowed a tiigber speaiic loxiciiy than the ciystalline toxin 0.2 x 
IQf IDsofmg for the chromaiosraphecl material vs. 2j0 x 10? LDsc/kng for the ctysialline 
toxin). 

Type A neorotoxin purified from the non-toxic components of the complex showed 
a single band on unreduced SDS-PAGE gels of ca. 145 kDa indicating that it was free of 
contaminating non-toxic complex proteins CRgure 2. lane I). Upon redaction of the 
disulfide bond with dithiothiniol. the two chains of the toxin mi^mied separately as the 93 
kDa heavy chain and the 52 kDa Gght chain (Figuie 2, lane 2X The puiified neurotoxin had 
a specific loxiciiy of 9.0 x UP U>so/ing. 

Unieduced SDS-PAGE samples of porified type B nemotoxin showed a single 
band aica. 152 kDa indicative of type B neuroioxin (jPigure 2. lane 3) (DasGupta and 
Sttgiyama. 1976)l Reduced samples showed thiee bands of ca. 152. 102, and 50 kDa 
(Figure 2, lane 4X Thespedficacdvityof the purified type B neurotoxin was 1.05 x 10^ 
LPsc/mg. 



12 3 4 



Figure 1. SDS-PAGE of Oostridinin botnlinom ^pe A toxin complex purified by the 

modified method of et aL (1957) (lanes 1 and 2) and by ilie med^ 

( 1982) (lanes 3 and 4). Lane 1- type A toxin complex (crysuUine) (unreduced); lane 2- 

type A toxin complex (crystaUiiae) (nduced with 05% w/v dithioihieitol; lane 3- type A 

toxin complex (cfaramatpgiaphkany porified) (in«dit^ 

(chiomatQgraphicaUy purified) (reduced). 4-6 jig protein each lane. 



Rgure t. SDS-PAGE of purifi«jd type A and B Clostridium honilimim neuroraxins. 
Lane 1- purified type A neurotoxin (unreduced); lane 2- puiaied lype A ncuroioxiii 
(reduced with 05% w/v diihiotfadtd); lane 3- purify 
lane4- punfied type B Deucotoxin (reduced), ca. 4 iig each lane. 
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Sabilization of botulinal toxhi during ly ^ philiTarinn 

Lyophilizsd ptefjaiaiions were usually lecansdiuted in 1 .0 ml of dbdUed water. 
The use of 0.85% saline as a diluent gave equivalent results. The while cake dissolved 
imraediaiely and was mixed by gemfe inveision of the vials. The resulting solution ws^^' 
transpaiwtt. Tliis solution was titraftrf by the same method used for the pre^lyophi^ 
solution. Pfcroentrecoveiy values (calculated asnumbercf mouse IP lethal doses/vial after 
lyophiliration divided by number of mouse IP lethal doses^ befoie lyophilization x 100) 
represencaver^eesof trialsdoneinai]eastdnp]icai& Hie variation in independent assays 
was ca. ± 20% as reported eaiiier by Schaniz and Kautier (197S). 

We initiany detennbied whether recovery of active toxin foOowing lyophilization 
was dependent on die rate of freezing and hence on ice oystal size. Fieezing at -20^ or 
-70<t: for 24 h in 50 mM sodium phosphate bufier. pH &8. resulted in slight loss of 
activity (75-90% lecoveiy) compared to >90% recovery on flash fieezing at -200"* C in 
liquid nitrogen followed by 24 h storage at -70*C (data not shown). This couM indicate 
that the larger ice crystals formed in die slOMW fieezing cycte had a sfighQf negatiw 
on toxin stainhy by forming a larger more open structure when these crystals were 
sublimed dniing lyophtUzaiion. Previous studies in our laboiaiory also showed that no 
detectable inactivation (S20%) of type A crystalline toxin (10* LDsoftnl) occurred during 
repeated freezing and thawing at -20"C in several buffers. "ITiese inchided 50 mM sodium 
phosphate (pH 6.2-6.8). 50 mM sodhnn succinate (pH 6.0). or 50 mM sodium citrate (pH 
5.5) (WMiroer. Jishnson and Schaniz. unpublished). Frecring in 30 mM acetate buffer, pH 
4.2. resulted in ineversible loss of toxidiy (Schamz and Scott, 1981; Whitmer ct al, 1987; 
Goodnoagh and Jtdmson, 1992). 

Tbe effect of salt concentraiiott during fieezing was examined for its effect on 
toxicity. Bodilinal toxin is precipitaied during various purification steps with ammonium 
sulfate at concentrations in excess of 60% saturation at room impeiature vridi no loss of 



activity. Hiis is ca. equivalent to a 33% (w^v) solution of the salL Sodium chloride at 
0S% in the commercial forniulation may icach concentratioDS ia exaess of 6 M during 
lyophilization (Franks, 1990a) orca. 35% <w/v) prior to ciystaffization. Freezing samples 
of type A toxin complex at -TOPC and -lOPC in 5.0 M solodoos of sodiun chloride, pH 
6.2, did not affea iDxin activj^ and fuD recovery was obtaned afi^ 
temperatares and rales tested. 

. Lyophilization of type A toxin complex at 100-1,000 LDsc/vial (i^CL 3.3-33 ng^vial) 
in the absence of protein diyingexctpients gave almost complete loss of activity (Table 1, 
adapted from Goodnongb and Johnson. 1992). It was not possible with such smaU 
quantities of loxin to deteraiine if there were any losses due to aggregation since no visible 
piecipitate fonned when the dried material was neconsiitutBd. TTte lecoveiy of botulinal 
toxin activity following lyophilization was dependent on three faciois. Tbe fomuilation had 
to have a protein stabOtzing agent present Li our case; seium albumins were most 
commonly used although other globular proteins such as gelatin, alpha-bctalbumin, and 
lyso^e woiked in place of the allNimins. Hie preparation for drying had to be free <rf 
sodium chloride and die pH of the preparation had to be maintained betow 7.0 (Table 1). 
llie lesdts which siemnied from smdies using ciystalline type A toxin complex we^ 
applied to other focros of botulinal toxin. 

Type A toxin complex which was cfaromatograplucaUy purified gave identical 
lecovery as die ciystaliized type A toxin complex foUowing lyophilization. 
Chromatographically purified type B toxin complex (a mixtuie of the 300kDaM and 500 
kDa Lcomplexes) was lyophilized underconditions which were favorable foriwoveiy of 
type A toxin activity. Rccovwy of the chromatographically parified type B complex was 
the same as that attained with type A toxin complex CTable 2). 
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Table 1. Effect of excipients on recovery of toxicity of aosiridium hfttnlimim lypo a 
toxin complex after lyophilizationL 



sodnuD pfao^thateP 


50. loa 1^ 


50 6.016.8 


<10 


bovine scrum albumin/ 






' ' sodium cfalondeil 


100 


6.4 


10 


bovine sentm aU}miiiiiP 


100, 1,000 


6.4 


oS, /D 


bovine senim albuminAcfiiatef 


100. 1,000 


5.0 


>90, >90 


bovine seram albiunin/^)hosp)iaieg 


100. IJOOO 


5.5 


>90.>90 


bovine serum albumin^ybosphaieS 


1.000 


7.3 


60 


bovine senim albimiin/phosphateb 


1.000 


6.0 


>90 


human serum albiiinin> 


100. 1.000 


6.4-6.8 


>90,>90 


alpha-Iactalburoini 
lysozymel 


1.800 


6.1 


>78 


1.800 


5.3 


>78 


gelatin} 


1.800 


6.3 


>78 


bovine serum albumin/ 








trehalose^ 


500 


5.7 


>90 


bovine serum albumin/ 








sucrosel 


325 


6.6 


65 


bovine serum albumin/ 








maltotriosc^ 


250 


7.0 


>80 



a Type A mouse IP lethd doscs^ial before lyiqAflizaiion; b %rea)^ 
lethal doses after lyoplulizaiion/number mouse lethal doses prior to lyophilizaiioo) x 100; 
c 50niM sodium phosphate; d bovine serum albumin (5j0mg/m!). sodhmi chloride 
(9.0mg/ral); e bovine semra albumin (9.0mg/hil); f bovine seiura albumin <?.Qnig/ml). 
50mM sodium citrate; fi bovine serum albumin <9.0mgAnl). SOmM sodium phosphate;*h 
bovine serum albumin (9-Omg/mO. 50mM potassium phosphate; » boman senmi albumin 
(9.0mg/ml); j concentration = P.Omg/ml; k 9.0mg/ml bovine senim albumin, lOOmg/ml 
trehalose; 1 9.0mg/ml bovine serum albumin, 250rag/ml sucrose; m 9.0mg/ml bovine 
seram albumin, lOOragfeil maliotriose. (adapted fiom Goodnough and Johnson, 1992). 



Table 2. Recovery of activity following lyophilization of CIosaridiam t^tulinum lyp© B 
toxin complex^: 



Encipfeiit combinaiion 
bovine seium aIbiBmn/[d)Osphate<^ 
bovine scnim albanmJj^osphaieP 
bonne senan albumin^ 
faninan senna albtmtinS 



* type B complex was a mixtiue of 300 kDa and 500 ItDa complexes (Sakaguchi, 1983); 
b moose inuapeiiioneal kifaa] doses^vial; c (number of mouse lethal doses/vial afier 
l>ophifization + number of mouse Icihal doses faefoie lyophilization) x 100; d 9.0mg/ral 
bovine senim albunsa. SOmM sodium phosphate; « 9.0mgfail bovine semm albumin, 
SOmM potassium phosphate; 

f 9.ftngAnl bovine serum albumin; £ 9.(Jmg^ml human senim albumin; h concentiaiion = 
9.Qme^raL 



ation ^ 
1,000; 100 
1,000 
1.000 
1,000 
1.000 



m 

6.0 >90 

6.0 >90 

6.4, 6.8 >90 

6.4 >90 

6.2 >90 
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In further efforts to reduce the amount of neurotoxin needed to yield 100 LDst/vial 
foltewing lyopIuKzaiioa. puiifuid type A and B neurtoxu^ 
senim albumin. AW««g|,rf«s„uroimins are more laMlc than tteconiptex^ 
on diying were similar to those obtained with the complexes (Table 3). The quantities of 
neuioioxin required to attain 100 of active toxin following Jyophilization were ca. 1 
iigper^ascomparedto3^ngpervialofthetypeAandBcomple«s. Recoveriesof 
type A and B neuioiaxin foUowing lyophilization were high (2?0* of pre-fyopMlized • 
aaitii^ values) except in the samples which sucrose was added at a concentniion of 250 
mgm. •I»«to'wrecovccyratB(50%)wiihsuciDseraayhavebcenrchited!oahi^^ 
level of residual moisture as solutions containing high concentnuions of suciose are 
diffindtiodrycompietdy(Fhn&^ This residual moisture also had a deleterious 

affect on activity of setecied type A boiulinal toxin preparations when the different toxin 
prepaiatkKis were stored at elevated tempeiaiures (above -20«C) (Figures 3 and 4). 
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Table 3. Recovery of acriviiy following lyophilization of parified Qosiridimii botulinmn 
type A and B neurotoxins > 





Sanmgifflin 








CDncentratjonb 


SH 




bovine senim albumin/ 


200 


6.4 


90 


*typeA 








bovine senun albumin^ 


100 


6.4 


80 


lypeB 








human setum albumin/ 


1,000 


6.4 


90 


typeA 








human senim albumin/ 


100 


6.4 


90 


lypeB 








bovine senim albumin* 
trehalose/ 


500 


5.7 


>90 










bovine senun albumin. 


325 


6.6 


50 










bovine senim albumin, 
maliotriose 


250 


7.0 


90 


tJpcA 









* bovine and human seium albumin conoentiaiion was 9.0 mg/mU caibohydrate 
conoentration was 100 mg/ml in all cases exc^ socrase which vras 250 mg/ml; •> mouse 
intraperitoneal lethal doses/vial; c (nnmber of mouse lethal doses/vial after lyophilization * 
number of mouse ledial doses befoie lyophiHzation) x lOa 
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A neurotoxin at 4*^ 




Figure 3. Stability of lyophiHzed porificd type A neairoioxin at4 and yj^C in the i 
of bovine senun albumin and caibohydrale eicipienisL 




Figure 4. Suhility of lyophilized type A loxin complex at 4 and 37X1 in the presence of 
bovine serum albumin plus various caibohydraie cxdpients. 



Stability of IvonhntTEri hnf..KT, 

TTuw diffeicm carbohydraie exdpients wcie added lo the bovine serum albumin 
system in an effort to raise die shelf-sioragc temperatuie by efevadng the glass tiaisition 
teropenituiBofihediiedniaieriaL Trehalose and nudtoiriose were added lo the d^^g* 
fonnulaiion«i00mgfadwhilesucn»ewasaddfedat250ing^mL Paiified type A 
iMwniiDxinawlciystanine^Atoxincompfexweie 
lEStdts with purified ittootoxin indicated that tt^ 
arc (75% activity reiaiiMrf after 130 daysston«^ 

twacarbohydnite,,ested(^%activiQrietainedforeach)(Hga^ TypeAoystalline 
toxin complex wasalsos«abiIi«d by tidiatee at 

(50% retained acdviiy af ler 1 30 days), but not to the same degree as that obtained vddi 
purifiedtypeAncmotoxin. Comiol vials for each combination of cxcipients were stored at 
-2trcand did noishowanyiediiction in potency overthe 130 days of incubation. 



{ 



Disenssion 
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Tlie condidons used for lyogM&za&m in llus smdy had a considerable effect oii 
Rcoveiy of active booilinal toxin. One of ibe mosccriitcal factois thatcontritniiod to 
recovoy of ac^ve tcnin was die omissioD of sodium chloride from die solutioa to be 
lyophiKzed. This omission combined widi ifae piesence of a pcotein excipient in lazge 
excess (1,000-10.000 fold excess) of die boodinal toxin concentration yielded >90 % of 
the starting toxicity when the pH was raainiained below 7i)L Recoveiy of toxin acdvily 
foHowing lyophilizatioR was dependent id a more limiied extent on die pH of the solution 
prior ID lyopfailizadon CTabte 1). pH values of 7.0 and 73 were tested which did not give 
itcoveiy rates as high as those obtained at pH values below oeatial CTabte I). WhUe freeze 
concentration and subsequent difiiBrential ctysiallization rates of die buffer components and 
salts present in soluUon. espedally for sodium phosphate buffeted systems, bas been 
shown to alter the pH during lypphilization (Van den Berg. 1966; Pikal, 1990), the use of 
sodiiun phosphate or potassium phosi^ate in our experiments did not effea recovery of 
active type A toxin complex CTable IX Sobidons of BSA or HSA at 9Xi mg/ml had pH 
values of 6.4-6.8 at which full lecoveiy was obtained. Full lecoveiy of toxin activity was 
also obtained when the pH was adjusted to 5.0 or 5 J by die use of sodium phosphate or 
sodium citrate buffered systems Crafcle 1). Rccoveiyofactivi^foUowinglyophilizationof 
purified type A and B neurotoixin docs not seem to be dependent on the presence of d»e 
non-toxic binding proteins of die complex as &high percentage of toxin activity was 
tecovered using die same fonnuladon as that used for die type A and B toxin complexes. 

The differences in recovery rates dependent on pH could be due to die tendency for 
increased deamidation at higher pH levels. Deamidadon widi loss of activity has been 
demonstrated widi odier proteins such as lysozyme (Ahem and Klibanov. 1985). trioscr 
phosphate isomeiase (Ahem et aL. 1987). calmodulin (Johnson et al., 1989a) and odieis 
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(Johnson ctaL. 1989b). Aspaiaginedeamidaiesinoie readily ihanglutain^ 
peptide with coniiUmtmgfact^ 

simctore of the protein (Wright. 1991; Liu, 1992). Also, deamidation is moie pievaleni at 

asparagine.gl3raneandaspai^gin<>scrincsc^«3^ 

(L«.. 1992; Wright. 1991). at least six aspaIagiK^i^ycines^ 

ncaIOI^«inlwlhthlBebdnginthe^ghtchainandth^« TTiereareeight 

«paragine-gb«ne sequence in the heavy chain region of the toxin (Binzct al., 

199Q). Inothcrpixilemsysiems.thesescqiKn«sw«deam 

andstoiagBOoiiditions(Wright,I991). FimhffwoitwiU be done todetcnnine whether 
deamidation is occurring oi homiinal toxin during lyophilizaiion and storage. 

lniiiostexperinientsinihisstiidy.0.1mlofbotuEnaItoxinwasIyoph2B^ Tins 

commercial lyophilizaiioolaboiaiorics. When the fill volume was increased to 05 ml(wiih 
a subsequent reduciioa in sennn albumin conceniiaiioo to L8 mgAnl to maintain a post- 
lyophilizaiion concennaiion of 09 mgftnl following leconsiinition) slightly lower 
recoveries (60-80% of initial toxidiy) were obtained on lyophilizaiion (Goodhough and 
Johnson, 1992). This could be due to ihe fact that the same sia2ml vials and 
iyophilizaiioncycIewensusBdcausingihefrozencatetobeihicker. Thisincieased 
resistance to waiervaporescape could have left more residual moistu^ 
caie since the same lyophiBzaiion cycle was employed. 

ShelfstabiEtyisanimponantpiopeityofproiemphannaccuricals. Thepmsent 
foimulation of botuGnal toxin most be stored betow-lOQC and ideally below -20oC 
foIlowingdiyingtoretainpoiBncyofthedried toxin. One possible reason for the 
instability observed at ambiem temperatures is that d« glass tiansiiibnicmp^ 
humansenimalbuminandsodiumchloodeisanHmd-lOoC Storage above this inmsition 
lempeiaime would aDowibeiesidual moisture in the amoiphous phase to inienct with die 



toxin moleciile promoting degiadative chemical reactioas (Franks, 1990bX The glass 
transition temperatures of commeicially dried pharmaceuticals containing protein can be 
efcvaied by the addition of certain carbohydrates. Borinstancc, Franks (1990b) lists the " 
glass transition temperatures of trehalose^ sociose, and maltotriose as 77"X:. 57 and 
76*^ respectively. From these data one coold assume diat the choice of carbohydraie 
exdpient would not be oiticaL However, the water contents on fieeze-drying these 
caibohydniBS aie significantly difFeicnL Tiehalose retains the lowest with 16.7% water 
followed by maltotriose (31 J)*) and sucrose (35.9%) (Franks. 1990b). Tlie higher 
percentage of water associaied with the frea&conceairaiBd material would require a longer 
diying cycle lo remove this water. Hie majority of the moistaie in the initial formularion is 
lemoved relatively qucUy daring die pcimaiy drying portion of the lyophilization cycle. It 
is during this part of die cycle tfiat the ice crystals fonncd during freezing are snblimed 
Remaining mcHstnresuch as dial associaied with water of hydration and bound in 
crystalline stractmes most be removed in the much knger secondary drying portion of die 
lyophilizatioDcyde. 

One aspect of die shelf life of boiulinal toxin complex which has not previously 
been investigated is whedier the presence of die noorioxic bindi]« proteins add stabifi^ lo 
the toxin molecule in the lyopfailized stale. TTiese non-toxk binding proteins add stabiKty to 
die toxin molecule in sohition and in die g^istric tract Buffered solutions of purified 
neurotoxin show breakdown fiagments and a redaction in specific acdviqr when incubated 
in solution at ambient temperature in only a few days. Solutions of toxin complex do not 
show diese bieakdown fragments and maintain specific activity for wedcs (Goodnough and 
Johnson, ui^blished data). 

Our psaulis indicate Uiat purified type A neucoioxin is more stable at elevated 
temperatires dian type A toxin complex when lyophilized in die duee excipient systems 
tested. One possiTrfe explanation for diis is ttiat when loxiii complex is lyophilrzedd^ 



moce^sidaal water present in close pix«imiiy to molecule itself doe lo fl« water 

ofhydraiionfix>nithenon-to«cbindingim)tdnsofthec«np^ TTas^ 



swaterwfaidiis 

ate3dyinck««jp„>ximi,yto.be.oxinn,oleculecoddbea,^^^^^ 
When the dried a^terialisndsed above glass t.3«^^ Another possible . 

explanation is that Ae type Alexin complex pn:panttions had a smaH amount of a 
proiease(s)whidicopurif«d with the toxin cooiplexwM^ 
irmovedd.™gpurif«tionoftheneun«o«n. TT^edegndadve enzymes could 
inacdvat^ithetoxinwhentbeiewassufficientfreewausr^^ n«puiefon«of»hc 
loxinwasmtKAmo^exicnsivdychiomaiognvhedaiKlooiddha^ 
contaminamsicmoved. As a third possibility, one of the non-ioxic bidding ptottin, 

which may have contributed id 



the 



uiactivatioo of the lyophilized complex. 
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CHAPTER VI ■ 



Medianisms of inactiTation of Clostridium botulimim nenrotoxtn 
during lyophilization 



Abstract 



151 



Treatment of hyperactive muscle disorders with the neurotoxin of Clojaridinni 
hSliSl^im involves direct injection of afflicted muscle groups with the rcconsJitutedlOHn. 
Prior to disttibution to clinicians, the toxin must be caiefuUy quantiiaied and dispensed then 
fieezB-dwd or IjrophiUzed to allow shipment and handling of this deUcate protein. Tlie 
various drying processes and fotmulaiions cause varying degrees of inactivaiion of the 
tojdn and formation of toxoid This toxoid adds id the antigenic butdca of the material and 

biochemical processes which result in the formation of this toxoid can involve aggregation, 
deamidation. peptide bond hydrolysis, and oxidative degradation. In this study, we 
demonstrate in a model system using purified type A and B Qaaridnm. hntnHmi.^ 
neuroioxihs that aggregation, deamidation, and peptide bowih^ 
lyophilizaiion procedure causing decreases in the specific loDdd 
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Clostridium hftnilimim isahetoogeneoiis gronp of otganisms that pioduce a veiy 
poiem proteinaceoiis neurotoxin which binds id moior-nenrons at presynaptic junctions and 
inhibits the Klease of aoeiylcholine causing a flacdd paralysis (Scbantz and Johnson. 
1992X "n^oigarasins comprising the gronp are characterize 

proteolysisandbytheserotypeofnenroiDxinpioduced, There are seven known serotypes 
A,B.Ci.D.B,F,anda The nenrotoxin is post-translationaUy processed to fonn the 
acdw dicfaaih molecule. Ptos^transIational -niddng- occus ca. one-third the length of the 
promxin mofecule from die N<ienninn$ geneiadng two fngmenis connected by a disulfidb 
bond. TTiisAAain molecule is comprised of a Hghtch^ 

neurotoxic portion and aheavy chain (ca. 100 IcDa) which is responsible forbinding to the 
receptor on the motor-neuron and inieinafiz»don of die lightchain (Niemann. 1991). Tbc 
cxptoitaiibo of the naccid paralysis caused by ore A io«n hw to 
spastic moscle disorders in humans since about 1981 (Schaniz and Johnson, 1992). Hie 
US. Food and Drug Administndoa licensed type A botuUnum toxin for treatment of some 
of these disorders as an oqphan drag in 1989. 

Freoe-drying or lyophilization has become a standard method of siabiUzing 
proteins winch are susceptible to inacdvaUon or possible mioobial contamination when 
stored in dilute solutions. Fraze-<Jrying subjects proteins to changes in temperamre. 
increases in salt concentration, alterations in pH, and exposure to degiadati ve reactions 
CKkal. 1990: Franks. 1990; Liu, 1992). It has been shown that exposure of C-lsauliDm 
toxin 10 high salt concentrations or to low pH values during purification is not detrimental 
to toxin activity (Scfaantz, 1964; Schantz and Johnson. 1992). However, die neurotoxin is 
a fiagile protein molecuk; and has been shown to fragment underielaiively mild conditions 
(DasGupta and Tepp. 1991). Exposure of some pharmaceutical pepddes to mildly alkaline 



pHvaluesaiulmodeniteiemp«ato«sleadsu,de«^^ 

sequences of some phamaceatical pq«idcs (Johnson and Aswad. 1990; Johnson et aL. 

1989a;Johnsone.al.. 1989b; Manning etal.. 1989). Aspaiagine^^ 

can react wiih succeeding glycine residues ai physiologic pHvalw«Q^ 

fonnatianof acyclic inudestnK:tme with ihecoirespond 

thesidechainoftheawgineorgluianiin^ Thecycfc 

ai^ntalL-asparfc or glutanuc acid linkage ortheD-i^ 

linkage* I=«elecmcfoa.sing and cation exchangchas been used with «^ 

.elativdysmaUp«.einstt,show differences in 

1992; Patd, 1993). 

OtherKochemical processes can lead to denatuiation of protein phaimaceudcals 
d«inglyophUi2adon. Aggregation ofprotein can occur daring free«^g due «> 
exposure ofinternallvd«,phobicanrinoacid residues to itea^ 
hydn>phobicsurfacessnchasatsol«ni-airi«,eifaces(Sl^ Undersuch 
comfitioas. d^fonnadonof imennofccularhyd^^ 
causes aggregation of the protein. 

HydiolysiscanalsocauselossofaciiviiyofpioieinsduriBgty^ TT^ 
pqptide bond bet^^eoaspnriaie and piolineresiduescM 
ambienttempeniuresCMaicus. 1985). H^e hydrolysis of certain aspartate-proline 
«qu«cesiniheheavychainoftypeA£:.Jsffla^ occurred at pH values as 

high as 5.0 (DasGupia and Tepp, 1991). 

Tliepresenceoffreewaterisnecessaryinaflofthesedenatmadonre^^ U 
l3«>phili«,dpio.dn preparations^ 

tbatofthegIasstransitionteraperatureoftheniaterial(Ran^ Tte glass transition 
is theternperatoreat which tben^changesfromandasticsolidorglas^ 
water is heWmpIaceO^ only very slowly diffusableXto that ofamore pliable or 



defomabtembber material in wMchwacr is ftee ID diffi^ 
reactions. Ttera»<rfihese reactions is dei«n^ 

niateial as wdJ as tte glass toBwfion iem|«mo« 
(Franks, 1990). 

IQ Uus chapter. Ihavc examined processes which cause inactivation of boadinal 
toxin dnringlyophmzation. TOswoik suggests ihatihe drying fonnulation and pnxess 
mJV pirtimizcd to reduce inactivation and fom 
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Bacterial tnllTT SHTf Tmfn 
complex. TOsanrinisrowindyusedforproducd 

hightoxmtiieisanditenpidonsttofcdllysis (usually w^^ CJlfiBdiiMnOkni 

Bstrain fiom ilK Pood Research Institute cdc^ 

toxin-domptex. Stock odturts of each orfanism woe grown sw^ 

tubes comaiiung lOml of cooked meat medium + 03 % dexti^ 

Laboratories. Dciroit. MID underan aziaetobic atmosphere (80% N2, 1(K6CQ2. 1(«6H2) 

at37'Cfor24handfi«snai.20"Cumilusc. CMMcuIcuiesof the Hall A strain ga^« 

to«ntitmine^ of 106 tanaperitoneaI5(» lethal doses 

nik««idun4«.72hwhiieObaBcukuiesg««to«mtiie«of5-^ lOSLDsotelofcnric 
culture. 

Fortwtin production, cuftwcsof HaB A andOfaa B wiegfown statically in 12-15 

liter volumes of toxin production medium fIPM)«»sistmg of 2.0ft casein hydrolysaie 

(Sheffield Laboratories. Norwich. NY), I.Oft yeasiextract (Kfoo), and 0.5% dextrose. 

pH7.3-7.4.for5.7daysat37°C Cultures showed heavy growth in this mefium during 

the firsi2448hfollowcd by autolysis of the cultures wMdiwasewdemasaclearing^ 
settling over the next 48-120 h. 



TpXHifftfrififflfffTn 

Ccysialline type A toxin complex was purified by a modification of the method of 
DuffetaL (1957) as described elsewhere (Schaniz. 1964; Goodnough and Johnson. 1992: 
SchanizandJohnson.l992X™smediodwasidemica]totheii«tho^ ' 
typeAtoxincomptexformedicaluselntheUnitedStaies. Ptarifed^ A neurotoxin was 



purified by the method of Tse et al (1982) wiih the addition of a final cfaromatographic step 
on SP-Sephadex C50 (Sigma Chemical Co, St. Louis, MO) at pH 7.0 aocoiding to the 
method of DasGopta and S^yamoonhy (1984). 

Type B neurotoxin was purified from cr^de cutaire by a metbod involving the 
chromatographic procedures of Tse ei aL (1982) and Mobeig and Sngiyama (1978): 
Briefly,cultnrBSofCl!flII!liDimCM^ 

w*6teciiltme. Type B toxin corapkx was separated from the remaining proteins in (he 
extractofiheaddpredpitaieona 1 liter DEAE-SephadexASO (Sigma Chemical Co, Sl 
Louis, MO) (5 cm X 65 cm) ata pH of 55 in 50 mM socfinm dtrate boiSu. The neurotoxin 
was partiaUy sepamied &om the assodaied non-toxic proteins of the complex on a DEAE- 
Sephadex A50 column at pH 75 according to the method of Tse a al. (1982). ITie 
partiaUy purified neurotoxin was purified to homogeneity by binding the non-toocic proteins 
of the complex to a pAFTO-Scpharose 4B column (p-aminophenyl-B-I> 
tMogalaciopyranoside) (Sigma) and dutihg the puiijBed toxin as a single peak acconfing to 
the method of Mobeig and Sugiyama (1978). 

Efecttwhoresis- 

Ptotein samples were examined by SDS-PAGE using the Pharmacia Phastsystem 
and precast, linear 125% polyaciylamide gels (Pharmacia LKB Inc. Piscatoway. NJ) 
according to the manufacturers instracdons. SDS4>AGE was also done with the BioRad 
Protean H system (BioRad Laboratories* Richmond, CA) using Unear pdyaciylamide gels 
according to die method of LaemmU (197(J) as modified by Hames (1990). Gels weie 
stained with 0.1% coomassie brilliant blue R250 in 16.7% acetic acid, 41.7% meihanol and 
destained in 7.5% acetic add. 25% raeifaanoi. Some gels were further silver stained 
aoconKng to the method Hames (1990X Protein samples for SDS-PAGE were soIobiUzed 
in 50 mM Tris-HO. 5 M urea. 5% SDS. and 20% glycerol. pH 6.8. Some samples were 



reduced by addition of <fiihk)iludtoI tea final cora Samples for 

SDS-PAGE were boUed for 5-10 min prior to electrophoresis. 

Pn«eo!ytic digestion and peptide moping was done according to the 

method of Cleveland et aL (1977). For this analysis, pioiein bands were excised from die. 

fiiaSDS-gelaftesiainingwithCbomassiebliieL The bands were c« out of the fiisi gel 
using a razor blade and loaded directly onto the second gei. 

Samples for native gd analysts were solubilized in 50 mM Tris-HCl. 2095 glycerol, 
pH 6.8, and were tun on pie-cast, 4-15% gradient gels aceorfng to manufactmas 
instructions (PhannaciaX was added to some samples for iiaiiwgelefcctrophocesis 
toafinaiconceniiadoaofSM. Samples for isoelectric focusing were dissolved and d 
in 25 mM sodiu m phosphate. pH 7 J, and run using pre-^ isoelectric focusing g els 
(Hannada) accoiding to the manufactmeis instractions. 



PiDieins separated by SDS-PAGE using the BioRad Ptotean H system were 
iransfened to Immobilon brand PVDF(polyvinyIidcne dinouride) membrane (MiDipore 
Corp., Bedford. MA) accortfing to the method of Matsudaira (1987). Transfers were made 
onto PTOF membranes in lOmM CAPS (S-cydobexylan.^ 
methanoU pH 10. at 30 mA constant conent overnight (ca. 16 h) using the BioRad 
TransblotefccctotransfercdL The PVDF membranes were fust briefly weoed with 100% 
methanol prior to assemblyof the electrotransfercassciti!. Following transfer, membtanes 
were biiefly (2-3 min) stained with a 1 » Coomassie brilliant b^ 
anddestainedwith40%meihanoliovisuali2etnnsfeiredbands. Bands for amino acid 
sequencing were excised with a dean razor blade and sequenced at the UnivBisity of 
Wisconan Biotechnology Center. Madison, WL 
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Town titeis wereesiinialBd in rak« using Uie to 
Fleck (1966) and the iiitraperiiDiieal method of Sfchantz and Kauner (1978) in 18-22 g, 
female. ICR strain mice. Wtiwteath values obtained from intnn«nousti 
AandBioxin samples in 3.5micc were averaged andcoov^ 
iisingasiandanlcan^aencaiedlnoarlaboratoiyfortte Botulinal toxin 

for titiaiion was dissolved in 50 niM sodium phosphate. pH 6.8. and then fiuther dOuied as 
required in 30 mM sodium phosphate. 0^ % gelatin. pH 6.4. 



Estiraadpn of the isoaspartyl coment of unlyophiIi«d or lyophilized. and 
reconstituted purified A and B neurotoxins was done using a mediaool diffusion assay of 
MacfiuIane(1984)asm«fifiedlvMcFaddenandCIaAe(W^^ boa^Ldelta sleep 
inducing peptide CaoAsp-DSip) CBACHEM Biosdencc. 
asasiandaid. IsoAsp-DSIP has the sequence: 



H-Tip.AIa:<3Iy<3ly-Asp*-AIa-Str-Gly-GIu-OH 
wliere Asp* is the residue with the isopeptide bond. 

Isoaspanyl residues were mediylaied in a reaction volume of 50 lU at 30*0 for 30 
min in flic presence of 2 protein meihykransfeiase (protein Hsoaspartyl 
methyltnmsfeFase type H; PIMT; Er. 2.1.1.77 kindly provided by Dr. D, Aswad. 
University of Cafifomia, Irvine) and 50 jiM S-zdcnosyl-l^imethylM methionine (500- 
600dpm/pmol). TTiespecificactivityof ihc PIMT was 15-20 nmolWmg at 30^ using 
gamma-globulin as subsuaie or25.30 nmol/min^mg using isoaspaityl-ddta sleep inducing 
peptide isoAsp-DSIP. Me&ylation reactions were stopped by addition of 50 jil of a4M 



sodiun,lK»ate,5%SDS,Z2%n.ea«„oI.pHiaaandvoc«^g Twcirty- 
five Ml of individual icaciKMis were spotted 

scimiUationviakcontaimng 10mlofEcolui„eaCN.C«mMesa.CAX*ecapsiighlcned. 
»dthevial5incubaled«40«X:forIh. Mttm^^c^oM^Gi^p^'^ 



larinOT^of A278 1.65.parir«d type A «un«oxin of A278 1-63 (KnoxetaL. 1970) 
aiHlforboth lypeB toxin complex and purified type B nemottntin of A278 1-85 = 1 mgAnI 
inaIc»fightpath(BcersandReidul969X fto.cincoa«n,c«ions^alsoesdn«,ed 
usingiheKdnchomnicaddneilKxIof Smith ctaL (1985) 
the standard. 



Amino add sequeiKing was done at the UnivcisiiyofWiscon^ 
Cd«erusingaaanioo«ied model 477ALiquidl^dsc«quenc« 
raanalyzer andeiQA data analysis system (Applied BiosysKims.Fos^^ 



HPU: was performed witf, a Rainin HPXL system (Rainin Instrument Co.. 

Wobum.MA). Tte*i2Cexclusiancolumnsusedwe«aRaimnSECcoIumn(4.6mmx 

250mm)ataflowrau^of0,25mWninoraD„pootZoH»xGR450coIuma(9.4mmx250 
n,m)ataflow«te<rfLOml/h.in. Tl«isa:«ics<.^ts^«„i„b^ 

sodiomp|««phate.pH7Aa«dp«,teinwasde.ectedbya|««^ TT,e 



molecular wdght cnfoiT for both cdumns was leponed by die iDanufactweis to be 1*2 x 



Resulty 



SPS-PACrFr Of bomliniim mxm pnp p^fi^y,^, 

Tlie purity of lype A loan was evaluated by SDS-PAGE(Fifiurcl^^ Laiie2 • 
contaiiKd4.6jigofpiirifiediypeAMiTOio^ ^ 

singlemajorbandisseenaiI45kDa. Lane 3 contained 4-6 |ig of purified type A 
neim«oxinihatwasreducedwithOJ%(wAr)dithioihieiioL Tw major bands are seen at 
931d)a(^eavyclBin)and52kDa(Kgbichain). Lanc4comainBd4^pgof typeAwxin 
coropkaandshowedihechanBterisiicTbaiidS. Ume 5 contained 4-6 |»g of lypc A toxai 
comptex that was leduoed with 0.5% (Wv) dithioilMeiioL 

Ptoificd type B netmttoxin was analyzed by SDS-PAGE (Figure 2). Lanes I and 2 
contained crystanrnc type Atoxin complex (unreduced and reduced. 4^5 Mg each lane) 
which was used asamolecdarweiglitmaiter. Lane 3 comained 5-6 of pnrified type B 
newD«oxin.raolecularwnghlca.l52kDa(unreduced). Lane 4 contained 5-6 ng of 
purified 9pe B neurotoxin that was reduced with dithiothreiiol (0.5% w/v) showing heavy 
(ca.ia2kDa)andUght(ca.50kDa)chains. m contiasi to type A. a substantial portion of 
type B neaiotexin re.-S2ased in the tssssdzsd fona (152 kDsa) after redocticn cf the disulfids 
bond connecting die individual chains^ 
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2 3 4 5 6 



Figure 1. SDS-PAGE analysis of type A toMBpicparationt Lanel, molecular weight 
markeis On kDa); rabbbit myosin, 205, £. B-galactosidase, 1 18,E saU 
phosphwylase. 94 . bovine senim albamiiu 6d. ovatbumin. 45. caibomc anhydiase. 29, 
(SgmaClieniical Co.. Sl Loiris, MO), 5-6 jig protein total; lane 2, purified type A 
neurotoxin (imredoced), 4-5 ng protein; lane 3. poiified type A neurotoxin (reduced with 
0.5% (w/v) diihiothfl5iiol).4-5 Mg protein: lane4,type A toxin complex (unreduced), 4-5 
Jig protein: lane 5. type A toxin complex (reduced). 4-5 |ig protein; lane 6. molecular 
weight maiteis Cm kDa); E. fioU phosphorylase.94. bovine serum albumin, 66. ovalbumin. 
45. carbonic anhydrasc. 29, soybean tiypsin inMbitor, 20.1 (doublet), and alpha 
lactalbumin- 14.2, (Pharmacia). 4-6 itg total. 

I 



I 



163 




Rbu«2. SDS.PAGEofwAtoxincon.plex^pari&dtypeB«ur«ox^ 

U«i„comptex(,cd««dwia.OJ>%(wMdithioU«iu,lX« 

type B neurotoxin (uni«Inccd). 4-5 Mgproido; !ane4, purifcd lype B neurotoxin 

(reduced), 4-5 Jig proain. 
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Aggregation of rvm A unrin daring IvnphilirariAn 

Purified type A neuroiaxm aggiegaicd when lyophilizcd in the absence of protein 
fTable 1). In trial I Tabic 1. toxin was freezeKiried and stoied at room temperature for ' 
several weeks before bebg reconstituted. In ttials 2 and 3, aggregation was determined 
within 1.2 days folk>winglyopluli2ation. AU trials reprssentiheavaajge of two separate 
deitenninadons. TTie data sluwed that aggregation occoned as indicaied 'by a dCOT 
soluble protein. 

Native gel etectrophoresis (Rgure 3) of type A compkx and poiified type A 

nenroioxia supponed the idea that aggregation occuned during lyopHIizadon. Type A 

torin complex Oane I) migrated as a singfe polypepcide on 4-15% polyacaylamide native 

gels. When 8M area was added to the toxin comptex, some dissodadon occuned 

(approximately 30%) Oane 2). Purified ^pe A neuroiDxin that had been lyophilized and 

treated widi 8 MttieamigratBd as a single polypeptide. Plmfedtype Aneuroioxinthathad 

been lyophilized brt not treaied widi urea contained aggregates that did not enter the gd 
qane4). 

Size exclusion chromatography of type A toxin complex by HPLC in 100 mM 
sodium phosphate, pH 7. at room temperature shovued that unlyophilized or lyophilized 
toxin compkx elated with the same retention dme. Following lyophilization, peaks 
indicative of breakdown products were not deiecied and peak broadening indicative of 
aggregation wens not observed- However, since the toxin complex (900 kDa) was very 
nearly at the size exclusion limUof bodi commeiciany avaUabfe columns (ipprxtximaidy I- 
2 X 163 kDa in each case) it may not have been possible to delect lar^e molecular weight 
aggregates using this system. 



Table 1. Losses of purified type A neurotoxin on lyophilization * 



dl(us/idD 

asdeterniineriKy- 



pre- 



post- 
lyophd 



Trial 




^3!^^ 




1 


8S 


100 


131 


2 


96 


300 


354 


3 


94 


200 


220 


1 


60(68%) 


65(65%) 


80(61%) 


2 


80(83%) 


220(73%) 


237 (67%) 


3 


75(80%) 


173(87%) 


175(80%) 



*In 50 mM sodium phosphate. pH 6.8. 0.10 ml fill voimneL aLDsoAig determined by i.v, 
method of Boioff and Fleck (1966); babsoitence at 278 mn using an extinction coefficient 
foriype A loxin of El%=16.3in I cm light path; CBCA assay (bicinchoninic acid assay 
with an average of two deienninations) using bovine senim albumin as standard (Smith et 
aL. 1985) (Pierce Biochemicals. Rcckford. lU U^); dassaycd after being dfssolved in 
1.0 ml dH20 and centrifuged to remove aggregated protein. Nnmbers in brackets 
It recovery percentages compared to pre-lyophilizcd valoes. 
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1 2 3 4. 5 



Figure 3. Native gel elecirophoresis ofunlyophilized type A complex and lyophilizcd. 
purified lype A nenrotoxin on 4-15% polyaciylamide £iadieu gpL Lane 1. unlyopbUized 
type A UHcin comptex, 4-5 jig; lane 2. unlyophilized lype A loxin complex plus SM urea 
added to the sample buffer prior to electrophoresis, 4-5 \igi lane 3, lyophUized, purified 
type A toxin treated with 8 M uiea prior to dectiophoresis. 2-3 lig; kne 4. lyophilizied, 
punHed type A neurotoxin which was not exposed to urea, 4-5 jig; lane 5. mattes 
consisting of thyroglobulin, fi»ritin, and catalase. 



Deamidatiftn of rvne a «.d r r^^^^^:^^ 

DeanAIaticm was investigated as a sou«« of denaunui 
nieUK>dofMcFa<kfcn and Oarte (1986). Assays for deamidation showed that purified 
QTK:Bneuiotoxin which bad been lyophil«edwasabeaer«^^ 
tha„itsunlyophili«dco„,«,CraMe2X Purified type A neurotoxin did no. show this 
patlem and theie was incoiporation of radiolabd in boft the unlyophilized and the 
lyophilized Qppe A iieoiDtoxin saniples at appradm^ 

Isoelectric focusing wasused in an atterapctodeten™ di£Fe«««sihthecl«isp 



oflyophUizedtaxinpossiblydoetodeainidationd^ringtyopM^ Purified typcA 
toxin (Fig,»c4.1ane3)hadaspecific,oxidiyofca.90LD5)to^ Upon 
lyoiAiliration.theiB was nodeiectable shift in the isoelecri^ 
specific toxid^ dropped to 65 LDscVng (Rgurc 4. lane 4). 
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Table 2. Incoiporation of triiiaied methyl groups by protein boaspaityl methylbvisferase 
into lyophaized and unlyophilized porified type A (Ani) and B (Bnt) 



Assaxi uMItiainl Am? Awfivophwb 

17.9 0.715 

* 20-3 0.613 

13.6 2.160 

2 13.0 2.345 

3 . 1I3 1^ 



But nvnph'ind 

33.9 0.110 

40.5 0.290 

14.5 1^ 

8-5 3.689 



^purified type A neoroioxin (unlyophilized). bpunfied type A neuioioxin (lyophiUzed, 
rcconsiiluiBd with dH20, specific activity = 65 LDfO^ng). Cp^5cd lypa B neurotoxin 
(unlyophilized), <ipnrified type B neurotoxin OyophUized. reconstituted with dH20. 
specific activi^ = 53 LDso^hg). 



Fip«4. Isoelectricfocusinggd(pH3-9)ofIyophiIiiedan^ 
Aueuroloxin. Lanes U 5; bioad pi maitos (from the lop of ihcgd down) consisting of 
uypsino^en, 9.30. lentil lectin-basic band, 8.65. lentil lectin-middle band. 8.45. lentil 
lectin-acidic band, 8.15. hoisc mypglobin-basic band. 7.35. horse myoglobin^idic band. 
6.85. human carbonic anhydrase B, 6.55. bovine caitonic anhydrase B, 5.85. B- 
lacioglociilin A. 5.20, soybean trypsin inhibitor. 4.55. and amyloglucosidase. 350 
(Phannacia). 8-10 Mg protein; lane 2, sample buffer (25 niM poiasiiiin phosphate. pH 6.9); 
lane 3. purified type A neurotoxin. 4-5 ^ig proiein; lane 4. lyophiUzed, puri&d type A 
neoiotoxin. 4-5 )ig protein. 
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Pteotide hnnd hydmlyi^T^, 

Examioatioii of type A loxih comptex by SDS-PAGE befoie and after lyophilization 
iiKficated that no pqitide bonds weie broken (figure 5). Lanes 1 (umeduced) and 2 
(reduced with 0.5% w/v dithioihieiu^) show the banding pattern of unlyophilized toxin 
complex. The panem is typical of type A tojun conapto lowing Mndn (lang i, iinTw<fa<y(|^ 
14S Kda, lane 2, iedaced» 93 and 52kDa) and the associated non-toxic binding pioteins 
(1 18. Sa 35. 2L8, 20.8. and 17 J kDa). Lanes 4 (unreduced) and 5 (reduced) show the 
pattern ofpolypeptides in thecomplex following lyopbilization. Hie formulation used for 
drying contained 50 mM sodium pfao^haie. pH 7.3. 9.0 ng/knl sodiuni chloride, and 2S0 
fig/nl of toxin complex with a specific activi^ of 28 LDso^ng; 0.1 ml was lyophilized in 2 
ml glass vials (Goodnoogh and Johnson. 1992). The lyophilized aiateiial had a specific 
acdvity of 7 LDso^ng corresponding lo a loss of about 70ft of the starting activity. 
Analysis of the lyophilized piepaiaiioa by SDS-PAGE did not show that peptide bonds in 
the toxin molecule were hydrolyzied with fonnaiion of bieakdown fiagments. 

The possibility of peptide bond hydrolyas was further examined uang purified 
neurotoxin. The simplified system of purified type A neurotoxin showed that peptide bond 
hydrolysis was occuiring duiing lyophilization (Figuie 6)l Hie extent to which the 
hydrolysis oocuiied in the soJuble material and the insohible material in the itconstitui^ 
lyophilized cate was maifcedtydifferenL Lyophilized type A neurotoxin was analyzed on a 
linear 12.5% polyacrylaroide Phasigel (PhaimadaX Hie soluble material containing 3-4 pg 
of toxin soluble in dH20 showed a doublet in die region of the fight chain. Thedoublet 
occuired to a much larger extent in the insoluble, aggiegated material (Hguic 6. lane 5). 
Hie difference in molecular weights of the two bands is about 2 kDa. When the aggregated 
material foUowing lyopMlizaiion was run on a kmger gel (ca. 12 cm^ 10% polyaaylamide 
gel using the BioRad Firatean U system), the reduced toxin showed the 30-52 kDa doublet 
and the unreduced toxin showed a doublet at about 143-145 kDtt (Figure 7). 



Figure 5. SDS-PAGE»alysis«tf,ypcA««i„ comply before and af^ 
Lanes ^(^^^)^2{Tcd,Kcavdth05%v,N 

toxin con,pI«,4-5jigpn,udn; lane 3/mol«uIarwdghi marker. (i„l^^^ 

2(K.£fljIi^gaIaciosidase.I18.rabbitplK«phoiyla« bovine scium albumin. 66. 

cbicken egg albomi^45. bovine erytfaocyte carbonic an^ 

P«>uan:Iai«4(u™edacc<Dand5CiedtuxdXl^^^ 
protein. 




r. 2 3 4 5 

Figure 6. SDS-PAGE showing hydrolysis of purified type A ncnioiorin during 
lyophilization. Lane 1, type A toxin complex (reduced with 0.5% ditKothicitoI (Wv)X 4-5 
lig protein; lane 2, lyophflizisd. purified type A nenrotoxin. water soluble fraction (145 
kDa), 3-4 (ig protein; lane 3, lyophfllzed, purified type A neurotoxin, water sohible fraction 
(reduced) (93 kDa, 52 kDa), 3-4 ng protein; lane 4, lyophilized, purified type A 
neurotoxin, water insoluble fraction (145 kDa). 4-5 |ig protein; lane 5- lyophiUzed. purified 
typ^A neurotoxin, water insoluble fraction (rcdaced),4-5 ^g protein. 



Rgure 7. SDS-PAGE showing hydrolysis of Kfihtcfain of type A netiiotoxii, daring 
iyophilization. 1, lyopMBzed, purifttd 

dithioihidtol (w/v)X 93 kDa. 52 kDa, 50 kDa, 7- 10 ng total; lane 2. lyophiUasd. purified 
type A netirotoxiiu 145 kDa. 143 kDa. 4-5 Hg total. 



! 
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nie 50 and 52 kDa bands of the light chain doublet were scparaied on a 12 cm 
12.5% SDS-PAGE gel and the individual bands excised and digested according to the 
method of Cleveland ct al. (1977). Hk excised bands were digested with Streotomvmj} 
firifieus pronase A and the fragmenis separated on a linear 15% polyacrylamide gel (Rguie 
8). The sample in lane i was digested with 16 og of pronase, while lane 2 was undigested; 
both lanes showed the 52 kDa band. Lanes 3 (imdigested) and 4 (digesfesdwidi pronase) 
contaiBed the second (SO kDa) band of ifae fa'ght chain doublet The pattern of digestion 
fiagmems in lanes 1 and 4 are similar indicating hcKnology between the SO and 52 kDa 
bands. 5 aiu] 6 contained umfigested 50 and 52 kDa bands while lane 7 ccmtalned 93 
kDa heavy chain digested with pionase. Laae 8 contained 93 kDa heavy chain that was 
digested with 30 ng of nypsin while lane 9 contaiaed the same 93 kDa heavy chain band 
digested with 15 ng of tiypnn. The lack erf* homology between the digesdoa fragments in 
lane 7 and those in lanes 1 and 4 indicates that the origin of the 50-52 kDa doublet is from 
the light chain of the toxin molecule. 



Figw 9. Panial proteolytic digestion of 52 kDa and 50 kDa Ught chain bands on 15% 
SDS-PAGE. I^eI.52kDa^AnearotoxinKghicljainbandexnsedfiomSDS-PAOT 
gel shown in Hguie? plus WngSlBaBBimvasato 52 
kDalifihtcl«dn band; lane 3, undigested 50 IcDaUgtachain^^ 
neuiDloxin light chain band excised from SDS-PAGE gel shown in Rguns 7 plus 16 ng 
SBEBiOmjaaESaisSBfipionase A; lane 5. undigesied 50 kDa Ught chain band; lane 6. 
undigested 52 IcDaEght chain band; lane 7. 93 kDa heavy chain band from SDS-PAGE gel 
shawninBgaie7pIusl6ng&gQ5ai5prona^«A;lanc8.93kDaheav^ 
SDS-PAGE gel shown in Rgure 7 plus 30 ng trypsin; lane 9. 93 kDa heavy chain band 
from SDS-PAGE gel shown in Rguie 7 plus 15 ng uypsin. 



Amino acid sfajiyn^pg, 

Amino add sequencing was done on the 50 and 52 kDa bands to detennine the 
residue at which hydrolysis was occunnng. The bands were tiansfened lo PVDF 
memebane by theprocednie of Matsadaira (1987). The 52 kDa band gave a M^nce of 
P-F-V-N-K-Q-F.N.Y-K-x-P-V-N<^V-D-uponEdmandeg^adation, During the 
sequencing run. the signal strength dropped to near the resolution limit of the insnnment 
afterihevalinelSrcsidue. The sequeiioe was still readable after this b« at a lower Kmit of 
deiBCiion. 50 kDa band gave strong P and V signals in ibefiisi two cycles of Edmaa 
degradaiion but the remainder of the sequence was N^tenmnal Mocked. 
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Siudying the mechaiiisnis of hiacdvatibn of therapeutic levels of C JjsaBlioijni 
dming lyophilization and storage is difficult due lo the fact that nanofiram quantities of 
toxin arc in each vial. In oiderio study possibtedenatiamgniechanisnis such as 
aggiegatfoii.pep(idb bond hydroljwii and deanadationra larger quantities of the toxir 
hadtobeexamined. It was found in iMs study that a self-proiectionefl^ 
which fl.^ toxin acted as iis own siabUiring cxdpient when miciosiani quantities of loxin 
wciclyophiHzed. LyoirfuKzationofihenpeuticlevds of type Atom 
LD5d) using certain fonnuiaiioi^t nsuiieu iii a much larger peicentejs of icxin inactivated 
(>90% inactivated) (Goodnough and Johnson. 1992) than was found in this study (20- 
32% inactivated) using mtciogiam quantities. Theieforc. the exact mechanisffls by which 
therapeutic kvels of toxin aieiiBctivaurfondiyingareextn^x^ 
wiihrnochlargerquantitiesoftwin. TT»is has been shown » be diflfeiait from drying 
lower levels of toxin. 

Aggregation of proteins occuis when the conformation of the molccok changes to 
aUowmoicIvdrophobic regions bailed in tfiecenter of molecules 
aqueous solvent system or other hydrophobic aieas-ihus favoring hydrophobic- 
hydiophobk: interactions between individual prolan molecules. Our results indicated that 
aggi««ation of toxin occuiiBdduiinglyophilizanon. Toxin stoied above its glass nansidon 
tempeiature (uial 1 ) could have alk««d degn«lative chemia^ 

andoxidationiooccur. Storage in this condition nay have aUowed the samples to pick up 
water fiom tiie environment which «as shown to cause fuitiier aggregation in other protein 
systeras(Liuetal., 1991). TTie difference in recovery of material in trial 1.2. and 3 may 
have been related to the smalli^amoBnt of material used in trial 1 givinga larger 
ofmaterialwhichmayhaveadheiedtothevial. niedifleicnce in tf« specific activities 



toxin 
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indicated that there could be ad^tumal ihacfivating events occuizing during Stoaga of the 
dried material. It is also possible that 'sdf-prolection'' occuned in the trial with higher 
concentrations of toxfn. 

It is possible diat there are axygen dependent inactivaiion events occuning daring 
lyophiUzation and storage of the dried toxm. The oxygen concentration in a panially frozen 
aqueous system at -S'C is U50 times higher than that at (TCCScfawimmer, 1981). 
Cysteine revues have boat down to undeigo auto-oxidation to form intra- or inier- 
mokcular disulflde bwids as well as fonn OJcWadvc degradation products sJKh as sulfenic 
acid Obichinsfcy, 1981X These oxidation reactions are greatly aocderated by the presence 
of metal ions such as copper and iron. No imarmolecular disulfide bond redistribution 
was seen in these studies as ju<^ by non-ieducing SDS-PAGE. However, it is possible 
that imeraiolbcular disulfide bonds were rcairanged causing inactivaiion of the toxin since 
such anaqgements should not change the SDS-PAGE elecirophoietiG pattem. 

Aggregation a>uM be promoted by the dried material slov^ pidang up moisture 
from the environment It has been shown with bovine senira albumin that moi^ure 
adsorbed by die solid, fieeze-dried product caused aggregation in part doe to thioI-disulRde 
interchange OLin. &. aL, 1991). Other water dependent reacdons such as deraidation and 
peptide bond hydrolysis would also be expected to be more prevalent in such cases. 

Aggregatim of the toxin complex is (fiflicult to detect using standard size-exdusiao 
chromatography as the native comf^ eluted near the exclusion limiL However, snice 
there was no discernible broadening of the peak of lyqihilized toxin it is possibb that die 
conditions used (Le. 100 mM sodhim pbosphaic. pH 7.0} allowed dissodation of 
aggregates to the native MW of 800-900 kDa. 

Deamidation appeared to be occutring in all cases: Ui^^hili2£d type A and B 
neurotoxins as well as the lyophilized neurotoxins were substiaies of the enzyme (TaWe 2). 
Type B neurotoxin seemed to be a bettersubstnte dian type A for die ens^me on a weight 



I 



. 1 
basuj. TT«assayswrenotdi«.atlowcno«ghiW5«rDioxi.iconccnti^^ 

deKOTineiheniiraberofisoaspaitylresidu^ Lowsubsiiate 

conceatniiions aie a leqiiifeniciit of die HMTcnryrae due lo its aoemely slow turnover 

ra«e(JbhnsonandAswad.l991). Further evidence for the existence of i^^ 

residucscaniefroraamiBoacidseqiiencmgofihehydiol^^^ During 

sequencing of the 52 kDa fight chain taiii the sig^ 

ofBin2etaLa99(»exoci*fortheabsenceofihefiiam«^ However, after 

the automated sequencer read dirough the first thirteen residues up to V13, the signal 
strengthdroppedsubstantianytoapoiMjtistabovcbackEroundte^^ Thcwafcer 
sequence from va!ine-130Q to ihe wash omoftbe signal was identfc^ 
WAlight chain. Since pmol quantities of rnaterial were sequencedjt was 
quantitatethedecieaseinsignaL TTie decrease in signal stamgth at valine-lS could be 
explained by a portion of tf« material being sequenced haviiig some 9^ 
blockageattheiesidoefolk)wingvaIine-I3. next residocs after valine- 13 are the first 
asparagine.gIyciaeseqnenccinthetypeAaminoacidsequence. Since Edman degradation 
is stopped by isoaspaityl residues it is possible that dcamidaiion could be occurring here. 
Suchadecrcase in signal stnmgth could be used in future experiments to quanti 
proportion of deamidaiion at a given amino acid residue. Hie positions of the six 
asparagine^glydne sequences in type Aneuroioxin as wen as the eight aspaiagine-serine 
«quencesa«showninTaMe3. These sequences have been shown to be the most labile 
to deamidation under physiological conditions (Lin, 1992). 



179 



180 



a asparagine-sainc amino add sequences in 
type A neoiotoxin (adapted fxom Goodnough and Johnson. 1 994. in press). 



^'g*"?hah Heavy c^i n 



A«-Gly -15,16- 
-178.179- 
-402,403- 



Asn-Ser 



-539,540- 
-1032,1033- 
-1243. 1244- 

-570,571- 

-798.799- 

-935.936- 

-954,955- 

-971.972- 

-1026.1027- 

-1093,1094- 

-1151.1152- 



Deamidation reqmrcs regional flcxibaiiy in the peptide chain for the imide ring 

stojcHire to fotm. TTK5 fommtion of the imide ring as weU as t«w> cfcava^ 
ring structure are shown in Figure 9. 

Theregionalflexibilityof ihepeptktechainoftype AbotuBnum toxiiiwas ~ • 
examined using the method ofRagoneeiaL(1989)andafive amino «:idfloa^^ 
(D.Aswad.peisonaIcommumcaiion,1993). Hks Itedbility plot U shown in figure la 
Tlie first asparagine-gljKae (MmKnaiion at NI5Gs^ 

flexibi%indicatingthaideamidatio«wouldbefavored. Hie aspartaic-glycine sequence at 
D14IG in the light chain region appears to be very ffcxible as do the N971S, NIO^^^ 
NI243Gsequencesofthe heavy chain region. Additional research including peptide 
mapping wiUl^necessatywdetenninc 10 what degn«these«^ 

FurthersupportforN-ieiminalblockafie of the light chain^^ 
byexami«^oflighichainfr.gmentatioa. nieseq,«ocedeiem.inedfrem the lower 
mokcuhtf weight bandof the light chain doublet (SOand 52 kDa)was^^^ 
.enninallyblod«laflerthc.hi«Icydeof.hescquencer. n«fi«ttwoc^lessho««i 
rtsiduesoneandtwotobeproUneandvalincrespecUvely. Residue number three of dK 
SOkDabandwooMconespondtoiheasparagine-MresiducofdKiiniaa T^s 
is the first asparagiix>glycine sequence in the light chain. 

Isoelectric focusing OER is one method of ddecdng deami^ 
accordinglywiUiihelossofaminogreupsfromaspanigiufiresk^ 
gainofacarboxylgioup. Iiisp.-oWematictodetsciachangeinpIby!E^ 
WAtomasthemokxufcistooIargeioshowachargeshiftfremloss^ 
numberofaminofi,t«ips(Johnson.etal, 1989b: Liu. 1992). It may be possible in the 
future toshow shifts in BEFof fragments of pucTKSd type A and B neurotoxin. 
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Pq)tide bond hydrolysis was not observed during inidal studies involving type A 
toxin complex. However, when purified toxin was substituted for the complex, hydrolysis 
was seen at the aspartate n-proline 12 linkage as ddennined by amino acid sc^ " 
There arc at least two reasons why bydroly^ of toxin in the complex was not detected. 
First, ihe samples of toxin complex that weie clectiophotesed after lyophilization and 
leconsiittition weresdobilized in dH20 and the insoluble material separated by 
cemrifbgaiion. When neurotoxin was analyzed, the aggregated material was fomid to have 
a higher percentage of hydrolyzed peptides and may have been removed daring sample 
preparation. The secoid reason hyAolysis was not detected in lyoplulized toxin complex is 
that the motion rates of the fi^gmenied toxin was neariy equivalent lo that of two of die 
non-toxic proteins associated with the toxin in die complex. If the unreduced toxin present 
in the toxin complex was hydrolyzed at the same point as purified toxin, the lower 
molecnlar weight band of die doublet present at 143-14S kDa would ran very close to the 
1 18 IcDa non-toxic compiex protein which may have masked die detection. In the reduced 
sample, the fragmented Eght chain ranning at ca. 50 kDa would overlap the non-toxic 
complex protein runinng at about the same molecular weighL 

Amino acid sequencing showed thai the aspaitaie-proline bond at the N-ienninus of 
the Ughtchain was cleaved during lyophillzaiion. U has been shown diat sodium phosphale 
buffered systems can change pH daring ibe fieeze-concentiaiion step of lyophilization. 
The pH of a sodium phosphate buffered solution at pH 7 can decrease to 5 during dw 
freezing portion of a lyophilizadon cyde (Pikal. 1990; Van den Berg. 1966). Ad<Etionally. 
it has been shown that type A nemotoxin is susceptible to s^id hydrolysis of die aspaiiate- 
proHne bonds of the heavy chain at pH values as high as 5 (DasGupta and Tepp, 1991). 
The short 12 amino acid pepdde resuldng from cleavage of the N-temiina] aspartate-proline 
bond has a molecular weight of about 1400 daltons. Such a molecular weight coirelaies 
weU with die observed diffetences between die 50 and 52 kDa hands. Hieof^ginofdie 



fragment must be the N-icnninus of ihe light chain since the pariiaUy hydrolysed. ^ ^ 

unreduced samples run with molecular^ghisof 143and 145kDa. IfU«fcigment^re 

being bydiolyzed fiom theC-tetininus of thelight chain, then the fragments would be 

ninningat50and93H>av^thoutbeingieduccdsinceth^ 

disulfide bridge connecting the twochainswodd have l«encxcisei 

oiiginaled ftomtheC-u^inus of theheavy chaii, theHgh.^ 

seen inteduced samples, insKadtheheavy chain 

In coociosion, the mechanisms of inactivation of boDiImal loxinaie complex and 
varied. 'n««med.anismsinvolve;«grcgation,deamidatioii.and^ 
hydrolysis. Further study of the inaciivadon mechanisms wOI indtide the foUowing- 
Pc^n^ipping. isoelectric focusingof purified fragm^ 
lyopMiration and comparison tomeasuretuems of iso^ 

andunlyophilizedli3sn,ents. Suchexperiments willgive a dearer pictme of the events 
occulting during the frocae-drying process. 



186 

Beers. W., and E. Reich. 1969. Isolation and characterizaikn of Qostridftim hnmlim^n i 
type B toxin. J. BioL Chem. 244:4473-4479. 

Boroff,D.A,andU.Fteclc. 1966. Statistical analysis of a rapid invivfl method for the 
titration of the toxin of aosttidiuin botuliq iii i n. J.BacterioI. 92;IS80-1581. 

aeve]and.D..S.Hsdier.M.KiischBer,andU.Laemin]i. 1977. Peptide mapping by 
limited pioteolysis in sodium dodec^ sulfiite and analysts by gel electiophoiesisL 
J. BioL Chem. 252:1102-1106. 

I 

DasGupta. B.. and V. Sathyamooctby. 1984^ Pnrificatiofi and amino acid composition of 
type A botnlinun neuroiOKiii. Toxicon. 22:415^24. 

Etasgupia. B., and W. TeppL 1991. Botulinun neurotoxin type A at pH S.0 bceaks down 
at about the raid-point of heavy chain. Sec. Neuroscu Abstracts. 16:251.2. 

Duff, J., G. Wright, J. Klerer, D. Mooic. and R. Bibler. 1957. Studies on immmiity to 
toxins of Qostridium botulimgn. L A sinq>Iified procedure for isoladon of ^pe A 
toxin. J. Baccriol. 73:42-47. 

Franks, F, 1990. Frceze-diying: from empiricism to predictability. Ciyo-Letteis. 11:93- 
110. 

Goodnoqgb. M. and E. Johnson. 1992. Stabilization of botulinom toxin type A dtning 
lyophiJization. Appl. En^ron. Microbiol. 58:3426-3428. 

Hamcs.B. 199Q. In Gel Hecirophoresis. D. Rickwood. B. Hames, Eds.; Qxfoid 
Univetsity Press. Essex. UK. pp. 60-66. 

Johnson, B.. J. Shirokawa. and D. Aswad. 1989a. Deamidation of cahnodulin at neutral 
and aDcaline pH: quantitative rd^oaships between ammonia ioss and the 
sasoepdbflity of calmodulin to modification by protein carboxyl methyltransfeiase. 
Arch. Biochem. Biophys. 268:276-286. 



Johnson, B.. J. Shirokawa. W. Hancock. M. Speliman, L. Basal, and D. Aswad m9b^ 
FonnadonofisoasMmieattwodisdnasiifisduriii^ aging of human 

growth honnone. J. BioL Chem. 264: 14;262. 14^71. 

Johnson, B., and D. Aswad. 1990. Fiagmeniaiion of isoaspai^l pqxides by " 
«*oxypeptidascY: ideawofisoaspartyldipepiidesasaiwnkofm^ 
cxtenialcleavageL Biodiein, 29:4373-438a 

Johnson. B.. and D. Aswad. 1991. Optimal condiUons for ihe use of protein L- 
• "oaspar^lincihytoansfeiTO in assess^ 
proieiiis. Analytic Biochera. 192:384-391. 

Knox. J, W. Brown, and LSpero. 197a TTieiolccrfsulfhydiyl groups in the activity 
of type A botulinum UMdn. Biocfaem. BiophysL Acu 2 14:350-354. 

Uenm&^lJ, 197a Cleavage ofstnicturfiroirins daring the assemhfy of 0^ 
bacteriophage T4. Naftirt 227:680^. 

Uo,D.,R.Langer.andA.iaibanov. 1991. Moistnte^induced aggregation of lyophilized 
proteins in the solid state. BioKcbnoL Bioengineer. 37:354-359. 

Liu, a 1992. I>eamidation:aso.Mceofmi(TOheten,geneiiyinphann^ 
Trends BioiechnoL 10:364-369. 

Mac&rlancD. 1984. Wribitors of cyclic nucleotide phosphodiesterases inhibit 

cari)oxylniethyhiion in intact Mood plaidetSL J-BioLOiem. 259:1357-1362. 

Manning. M,K.PaieU and RBoichariL 1989. SiabUiiy of protein pharmaceuticals 
Fhann.Res. 6:903-918. 

Man:ns.F. 1985. Pi^faential deavage at Asj^fto peptide bonds in dilute acid. IntonaL 
J. Peptide PlroL Res. 25:5432-5444. 



Maisudaiia.P.1987. Seqticnce from picomole quantities of proteins electroblotte^ 
polyvinylidenedifloridB membranes. J. Biol. Chem. 262:10035-10038. 



188 

McEadden.P.,aiMlS-aaike. 1986. Caieniicalconvereiwi of aspartyl peptides to 
isoaspaityl peptides. J.BioLChem. 261:11503-11311. 

Mobcrg, L., and H. Sugiyama. 1978. Affinity chiomalography purification oC type A - 
botulittum neurotoxin from crystalline toxic complex. AppL Environ. MJciobioL 
35:878.880. 

Niemann, H. 1991. Molecular biology of clostridial neurotoxins. In Sourcebook of 
b4.c|eria] protein toxins^ J. Alonf and J. Freer (eds.). Academic Ptess. Ltd.. 
London. 

Fatel. K. 1993. Stability of adrenocorticotropic honnonc(ACrH) and 

pathways of deamidation of asparaginyl tesidoe in hex^ptide segments; In 
Stability and characterization of protein and p^tide drags: case histories, Y. J. 
Wang and R. Fbariman (eds.). Plenum Press, Inc.. New Yoric. NY. 

PilcaJ,M. 199a Eroe-diying of proteins. PanH; fonnulaiion selection. BioPhaim. 
3:26.3a 

Ragone. R.. F. Facchiano. A. Ficchiano. A. M. Facchiano. G, Coloona. 1989. 
Ffejobitityofproieinsw PtoL Engineer. 2:497-504. 

Schantz. E. 1964. Purification and characterizaticHi of C bomlinum toxins, p. 91-104. In 
K. tcwis and K. CasseU Jr. (eds.). Botulism. Ftoceedings of a symposhim. 
U.S. Department of Health, Education, and Welfare. Public Health Service. 

Cincinnati. 

Schantz,E.J..andE.A-Johnson. 1992. Propcitiesanduseofboiulinum toxin and other 
microbial neurotoxins in medicine. Microbiol Rev. 56:80^99. 

Schantz. E. J., and D. A. Kamtcr. 1978. Standardized assay for aoiariditini hfttnKn,^T, 
toxinsL I. Assoc Oif. AnaL Chem. 61:96-99. 



SChwimmer. S. 1981. Source book of food enzymology. Avi Publishing, Westport, UK. 



189 

Sluzky. v.. 1 Tamada. A. Klibanov. and R. Langer. 1991. Kinetics of insulin 

aggregation in aqueous sobdoDs upon aggitation in the presence of hydrophobic 
surfaces. Psoc Nat Acad. ScL 88:9377-9381. 

Smith, P., Kiohn, R., G. Hcnnanson. A. MalHa, F. Gartner. M. Provenzano. E " > 
Fujimoto, N.Goeke.B.(Mson. and D.ia«do 1985. lAsBuiem^^ 
using bicuichonittic acid Anal. Biochem. 150:76>85. 

Tse. C. J. Dolly , P. HamWeton. D. Wiay, J. McWng. 1982. Ptepandon and 

c&aiacierization of hom^spneous neniotouD type A fiom aostridn.in hn,„|n,,Tn. 
Eur. J. Biochem. 122:493-500. „■■■ 

Toichiasky.Y. 1981. Sulfur in Proieins. Ptnnagon Rcss. Oxfoid. 

Van den Berg. L. 1966. pH changes in bufFeis and foods dnrii« fteczing and subsequent 
storage. Ciyobiology. 3:236-242. 



CHAPTER Vn 
response of rabbits to low doses of type A botnllnum toxin. 



Abstract 
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Sublethal doses of various prepaiations of Qoiaridmm hotaiinmii jype A toxin 
including Bott«® and Dysport® were tested in a rabbit model for immunogenidiy. ■ . 
Known quantities of various type A toxin preparations were injected over a peiiod of tune 
and the animals scrom assayed for antibodies capable of neuiialiattfi a 
purified type A ftwm in mice. Animals injected with a total of 183 and I8.1ngof Boi»x« 
develoiwd neutralizing antibodies to the toxin in 60 and 63 days. Animals injected with 
5.89 ng of ciystaffine type A toxin complex from our laboraioiy pcoduced antibodies that 
neutralized the chaltenge in 118 days. Animals injected with O^ng of purified^ A 
neurotoxin over 1 18 days did not pioduce neutralizing antibodies. Litewise. 5.89 ng of 
Pysport* administered over 165 days did not produce neutraHzing antibodies. 
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Qostridhin? botgBmWD is a diveisc group of Oiganisms capable of producing a 
potent proteinaceous neurotoxin. Different seroQrpes of £. botalinum produce neurotoxins 
tiiat differ in piimaiy amino acid sequence and thus aie antigenically disdncL Tbere aie 
seven antigemcaliy dififeient serotypes cunently recognized, A. B, Ct. D, E. F, and G. 
Hie organisms producing tbese toxins catagoiized by biochemica] and growth lequiiements 
CHatfaeway, 1990). Hie toxin causes a flaodd paralysis by binding to the pie-synapdc 
junction of motor neurons and inhibiting die release of the neurottansmitier acetyteboline 
(Schantz and Johnson, 1992; Simpson. 1981). Hie paiticular muscle or muscle group 
innervated by this paiticularnioiornenron does not receive the signal to conixaa resulting 
in flacxid paralysis. Clasncafly, this conddion which is teimed botulism has been linked to 
the oonsuption of food products which contained the preformed loxin. C honilinnm ean 
also cotooize wounds and the infant bowd causing a toxicoBifection (Sugiyama. 19801). 

Since the early I98ffs, investigations by Dis. Edward Schantz and Alan Scoa have 
led to use of type A toxin forireaiment of various spastic muscle disoideis as an alteraative 
to suigica] techniques. Hie toxm is used in nanogram quantities and is injected directly into 
the affected muscle groupSL Small enough quantities ac used to ensure that die dose is 
effective but does not spread to other regions of the body. Originally, only a few 
indications were approved for treatment by the United Stales Food and Drug 
Administration including blepfaarospasm. hemifacial spasm, and straWsmus. Hie use of 
the toxin to treat other focal dystonias such as spasmodc torticollis, writer's cramp, vocal 
dystonias, and club foot in children has led to ever increasing use for a variety of 
neurological disordeis. Unfortunately, one ofthernajor side-effects of the use of certain 
protein phannaceuticals in high enough quandties is die production of antibodies by the 
patient to the chug. Hie presence ofcnciilatingantibocfies has been demonstrated in 



patieitts receiving laige doses of the camm^ 
1991). 

We have developed a rabbit model in which repetitive injections of various type A 
toxin preparations have been given to amubie the trcatme^ 

assesstheimmunogenfcityofthetoxin. Tl»en«xW consists of injecting dbino rabbits ^th 
sufa-Ieihal doses of the toxin overapcriod of tin»and assaying d« 
ford« ability 10 ncuiralizeasmattbwcaiefnltyqaantta 
OuriesiiKs show that the p«)ductpresenifyavdlable in the Uni^ 
antigenicof all the pieparaUons tested lo date white purified^ 
commenaanyavaUablcinEuiopeaiethefeasiantigenic. These lestdis indicate thai h^gh 
specific activity preparations mduce die picbabiUty of patients developing neuiraBaqg 
antibodies. 



Materials and Methods 
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Female, ICR mice, lS-22 % {Harian Sprague Dawley, Madison, WI) were used in 
toxin and senim diraiions. New Zealand, albino rabbils. 4-6 lbs; wefc obtained from 
Hazdlon Laboralones. Kalaniazoa ML 

Bacterial sltains and ynwth i:T>TWfilirrf 

The Hall A strain of type A C hohilinimi wa< n^rf m ^et^^^n^ ^ ^ 

complex. This strain was originaUy obtained fnxn Dr. J. HL Mtidler at Harvaid Univcnity 
and was further screened for high loxin titers at Fort Detridc. MD by Dr. & J. Schantz and 
coworfcers. This strain is roudnely used for production of type A botolinum loxin due to 
high toxin titers and the rapid onset of ceU lysis (usually within 4S h). 

Stock cultures of C iiQtBliimm HaU A were frown siaticaUy in IS ml Hongats 
tubes containing 10 ml of cooked nieat medium + 03 % dextrose (CMM, [Difco 
Laboratories, Detroit, MIJ) under an anaerobic atmosphere (80% Na. lO^COl, 10%H2) at 
37'C for 24 h and frozen at -20*C umU use. CMM cultufes of the Hall A strain gave toxin 
titers in excess of 10^ LDft/ml within 48-72 h. 

For toxm production, culiuies of Han A weie grown statically in 15 liter vohunes 
of toxin pioduction medium (TPM) consisting of 2.0% NZ TT Oot # ?NC29) casein 
hydrolysaie (Sheffield Laboratories. Norwich. NY). 1.0% ycasi extract (Difco). and 0.5% 
dextrose. pH 7.3-7.4. for 5-7 days at 37'C Ctoliuies of Hall A showed heavy growth in 
this medium during the fiisl 24^ h foHowed by autolysis of the cultuic which was evident 
as a clearing and sealing over the next 48-120 h. 



Type A loxin complex was purified accordiiis toa modification the method of Duff 
etaL (1957). Briefly, the meihwl involves a series of piedpiialions and 
low pH. edianol, and ciystallizadons of the toxin complex for ptmTicatioii from erode 
culiuic<Schaiitz. 1964). 

Commeidally available type A toxin complex prejniatians (Boiox® and Dysport®) 
as weU as a new type A toxin product cunenify nndeiEDing dinical triab 
obtaM from Dr. Gaiy Boiodk^ Massachisetts Eye an^ 

Type A nmmtnriiT frariftfUtfffP 

Type A nearoioxin was purified from the associated non-ioxic pioieins of tfae 
complexl>yaraocfifKationofthcmeihodofT5eetal.(1982). Toxin complex in 50 mM 
sodium citraie buffer was eloted from a 1 liter DEAE-Scphadex A50 column (5 cm x d5 
cm) and precipitated by addition of 39 g of solid ammonium suIfatc/lOOral. The 
piecipiiaied toxin complex was collected by centrifiigaiion (ROOD x g. S-KTC. 20 min), 
dialyad against 25 mM sodium phosphate. pH 7^, and^ipplied to a DEAE-Sephadcx A50 
cdumncquilibraiedwxthihesamebuffer. The binding capacity of this particular matrix 
under these conditions is 0.9 rag of complex/ml of swollen geL Various size columns were 
utilized by applying ca. 90% of the cobmn binding capacity. Toxin was separated fiom 
the non-toxic proteins of the complex and duted fiom (he column wiih a linear (M).5M 
sodium chloride gradient Toxin eluted from the column in ihe fiist protein peak and 
fractions which had 260G78 mn absori,ance ratios <0.6 were pooled and precipitated by 
adding 39 g of sofid ammonimn suIfaie/lOO mL Material itanead fiom the DEAE- 
Sephadex A50 ccdmnn at pH 7.9 was farther purified by chromatography on SP-Sephadex 
C50. I^ipilatedloxinfiomDEAE-Sq)hadexA50cohmmsaipH7.9wascoUected 
cenirift^tion (12.000x g. 5-10^ 20 min)aMl dialyzed against 25 mM sodium 



phosphate, pH 7.0. The dialyzed loxin was applied to 25 ml SP-Sephadcx C50 in 25 mM 
sodium phosphate. pH 7.0. CoQtaiDinating material did not trind to the colunu under these 
conditions. The toxin was eluied with a linear 00.25 M sodinm chioiide giadient. 

SDS-gel electrophoresis. 

Electrophoresis was peribnned using a PhannadaPhast S|ystem (Pliannacta LKB 
Biotechnology. Fiscataway. NY> and 12.5% linear pie<ast gds accoiding to the 
manofactuieis instructions. Sample buiTer consisted of 75 mM'^is-Ha (Sigpia Chemical 
Co., Sl Louis, MO), 5 M urea (Sigma). 5% SDS (Sigma), and 20% glycerol (Sigma), pH 
6.8. All samples were boiled for 5-10 min. Some samples weie ledoced by the addition 
of 0.5% (wAr) dithiqfhieitol. Bands were visualized by staining in 0.1% Cbomassie 
bfilliant blue R250 in 5:5:2 dH20:niethanolacetic add. (festaining by difliision in 9:3.3:1 
dHiQanethaoofcaoeticacid. Some gebweie silver stained acconfing to the pnxeduic of 
Hames and Rickwood (1990). 

Titration nf toxin .qmpWift 

Toxin sample titers were esiimated using the intravenous method of Boroff and 
Fleck (1966) in groups of 5 mice per dilution. Uters were detennined mcKB accuraidy 
using the standardized iniiaperiioneal method of Schantz and Kauuer (197S) with 5 mice 
per dilution. 

Toxin standaf4 

A toxin siandaid was piqjaicd nsiijg purified ^ A oeunHown in 50^ 
acetate, 2 mg^ml gelatin (DifcoX 3 mg/ml bovine seium albumin (Sigma). pH 4.2. 
according to the mediod Schantz and Kautier (1978). The standard was stored at 4^. The 
toxin standard was titrated acconfing lo the method of Sdiantz and Kautier (1978) using 



sevenmkcpcrdilution. in,c siandarf ccHttained 56 U>50^nU wl«„ fi^ 
When titrated 9monthsIaier in Uwssanwfashiai^ thcstaiKla^ ^ 
was within the±15% margin of enor given by Sd»nteand Kaoiter (1978)for 
intr^ieritoneal bioassay of bolulinal ttncin. 

Sob-lethai inimrinn n,^-^^ 

Rabbiiswere injected on the days indidutdlnT^^ IhitiaUy.ai ml injections 
woe made ininunuscolariy in the hind legs with subsequent ai ml boosts giwi 
subcutaneouslyoverthefrontshoddeis. A «Hal of ml was gi«n .o each ^.imal oa 
«*dayindicatedwhicha«nounted.ol2-15U)50W Blood samples we« dnwn 
f«)n,theccntnd«aninthecar. Serum samples weie taken on the same daysjast prior to 
injection. Kve ml samples of whole blood we« incubated on ice fori hat which time the 
senmi was separated l^centrifugation at 5,000 rpminaSon,aISS-34TOterat^^^ 
20min. S»mpiesweiBlMptfmanat-20«Cuntilassa,edf6riypeAu 



AmodffiedELlSAwasusedforde.«minadonofthenumberofna«^sof 
torin/ml of the reconstituted commerdal products. Sandwich^^^ 
lorin im^paiation being tested.chicken immunoglobuUn Y^^^ 
bo.se immunoglobulin Gspedfe for^ a tt«inconp,gated toRussdl's viper venom 
facu,rXACRW-XA)activatingenzymc««formedinsoIutio,. The complexes, 
consisting of the twodifferentantibodiesbound to U«.oxm.^ 
phtecoatedw«hiabbitimmunogk*ulinGq«ificforchicken^^^ After 
capture a mixture of coagulation factors H, V, and X wem added. A positive «suU 
indicating the presence of toxin generated duombin due to the presence of RW-XA. 
Alkalinephosphatasebbdtedfibrinogenwasadded along wi* 



with fibrinogen. Thrombin caused hydrolysis of fibrinogen to fibrin which lesulied in 
deposition of labelfcd fibrin onto the polystyrene pegs, liie pegs were then reraoved. 
washed, and placed in phendphthafein monophosphaie as a snhstraie for »^?^ Jr 
phosphatase (Dodgast. ci aL. 1993>. TTje assays were perfonned by Dr. Mike Roman, 
Kraft General Foods. Glenview. TL. 



Results 
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Purification of tvpa A tn^j^ irffmrlft' 

Hie baich of loxin complex used in these experiments was reciysiaUized three times 
and had a specific toxicity of 18 mouse intraperitDoeal 5096 lethal dosesA^ (LD50X TTie 
ahsoibance ratio at 260^78 iim which is ijsed as OK ineasiiicof^^ 
Jolmson. 1992) was a52 indtcating that the pieparaiion was lelaiively hee of 
coniamiBating nucleic acids. SDS-gd electrophoresis demonstrated bands (from top of gd 
downinkDa)ofI45,n8,48.35.29,22.21,andl5whichaccindicaii«oflypeA . 
comp!exCRguiel,hae4)(J6hnsonaiidGoodnoogh.l993.iiipfKs). Whcnthesampic 
was reduced with diihioihreiiol the two bands indicative of type A toxin heavy chain (93 
kDa)andlightchaiB(52kDa)w«eol»en«d(Hguie l.laneS). Fbrinjection into rabbits 
the type A complex was dibied 10 €0 LDjotel in 30mM sodinm phosphate. 0l2% gdaHn. 
pH 6.4 (gel-phosphate). 



Pm'ficati<w of tvp<> ^ n^,^|^i^^|^ 

Type A neurotoxin was pmified to homogeneity (Figure 1, lanes 2 (unreduced) and 
3 (reduced)). TT»e 26a278mnabsorbance ratio of the piepaiaiion was OSa Thespedfic 
toxicitywasapproximaiely96Lp5(ytag. Fbr injection into laMriis the ^ A neurotoxin 
was diluted to 60 LDsofeal in gel-phosphaie. pH 



Figure 1. SDS-PAGC analysis of type A imin piepanuions. Lane 1. mokcular weight 
markeis (in kl>a); rabbbii myosiii. 205. £. ^ B-galactosidase. 1 1 8. E £QU 
phosphorylase, 94. bovine serum albomin, 66. ovaltmmtn. 45. carbonic anhydrase, 29. 
{Sigma C3ieinicai Co., Sl Louis. MO), 5-6 |ig protein total; lane 2. purified type A 
neurotoxin. 4-5 ng protein; lane 3. purified type A neurotoxin (reduced with 0^% (w/v) 
diiliiothieitolX 4-5 ng protein; lane4, type A toxin complex, 4-5 us protein; lane 5, type A 
toxin complex (leducedX 4-5 \Lg protein. 
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Titration of TtftinT® Dysport® . aadASB. 

Botox® the commercial type A ttudn product of Alletgan. Dysport®. the 

commercial iwodocl of Porton Down, and ASB were titrated using the method of Schantz 

and Kautler (1978) with five mice per dihitioa. Two viab of Botox® had 70 LD5(yral ahd 

66LD5j/mIwhcnicconstitutedin2.0raIofdH2a One vial of Dyspon® had a tiler of 

217 LDsoTml when dissolved in a total of 2.0 ml of dH20, Tiis material was diluted to 60 

LDso^ in gd-phosphaie. pH 6.4. priorio tnjectioD in labbhs. Two vials of ASB 

contained 69 and 72 LDsQ/ml when tieaied in a similar fashioa. 



Rabbit serum was assayed forneutialiang antibodies by combining 0. 1 ml of the 
toxin standard along with 05 ml of asenim dilution and 0.6 ml of gel-phosphate. pH 6.4. 
The solution was incubated a mom temperature for 30-60 min with occasional mixing by 
inversion. One-half ml of the solution was injected intiaperiiooeaHy into each 
MioeweiBObservcdforsignsofboiulismforapcriodoffourdays. Serum samples which 
neutralized type A toxin were dUuted in tw-fold increments and die neutralization assay 
repeated in the same fashion to determine the neutralizing titer of die s 



Pre-immnne serum samples wene all negadve for antibodies capable of neutralizing 
type A toxin (Table 1). Antibodies were not detected up to day 1 18 for the animal given 
type A toxin complex and day 60 and 63 for die Botox® animals. Tlieis of type A 
antibodies continued to rise in the second Botox® animal (Botox® 0) with repeated boosts 
of the toxin. Numbers in brackets following a day indicated die highest two-fdd dilution 
which neutralized 5.6 LD50 of the type A toxin standard. 
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Table 1. Inunune response of rabbits lo sab-Icihal doses of type A botulinal toxin. 



Toxin sample Daysofiajectioiirtiiration* Total ng given Spedfic ioxi^ityk 



Anemotoxin 0.29,42,56,69. 

88, 107, 118 

(no antibodies deiecied) 0.92 96 

A complex 0. 29, 42. 56, 69, 

88.109.118(1:2) 5.12 ig 

Botox* 

I* 0.21.35,49.60(1:1) 18.3 4.3 

n* 0,21,35.49,63(1:1). 

77 (1:2). 84 (1:4) 25.4 4.3 

pysport* 0. 21. 32. 46. 60. 

67, 81, 95. 109. 
123, 137. 151. 165 

(no antibodies detected) 5.89 25.6 

ASB 0, 21. 35, 49, 

60 (no antibodies detected) 4w08 173 



♦Two separate animal trials designated I and II arc represented. 

aAU antibody samples weie dtrated against 5.6 LD5O of purified type A neurotoxin 
according to the foDowing: OJral senim + 0.1inl contaimng 5.6 LD50 type A toxin + 
0.6ml gel-phosphaiB. pH 6.4. The sohition was incnbated at room lempeiatine for 30^ 
minutes. Two mice per two fold dilution wens injected intraperitoneally with O.Sml of 
scram + toxin mixture. Dilutions which neotralized the toxin chaUcnge arc indicated in 
brackets. ^LDs(/ng. 



nie EUSM performed on Botox®. Dysport®. and ASB which when corrected for 
the known concentration of ASB {US ng/vial) gave values of 363 ngAoal of Botox® and 
16^ngMalofDysport® UshoaWbenctedihatboth ASB and Botox®, are labelled lo 
con!ainlOOLD5oA^wluIcDysport®isIabeIledtocontain500^^ TT^seresiUts 
iiMficated Uiat Botox* had an average specific loxidiy of 4 J LDsafng. Dysport® had 25.6 
U>sofng. and ASB had an average spedfic toxicity of 17.3 LDsoAig after nwmstituiion. 



PisCMSSfOH 
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ITielikrfihoodofantibwfyfbnnation in patients ticai^ ' 
depend on the amoiini of mamial used to Jieat the paiticuJar disonJer as well as the number 
ofireatments received by each paiient(Jankovic and Schwartz. 199i:Bo«)diceiaL, 1991). 
Patients who receive higlier doses of toxin on a mtne finequent basis are 
likfity to produce neutrafizing antibodies to the toxin. In particular, those patients widi 
q>asniodic tortkoflis are at high lisle due to the large doses of town whi^ 
large area. We have used a rabbit model for testing die inununogenidiy of various loxin 
preparations in a manner similar to their intended use. ije. by injecdon of sub-lethal doses 
on a repetitive baas., hi this study, neutralizaiion of a small but accurately quantitaiBd 
amount of toxin gave grcaier sensitivity in detecting antibodies than previously reported 
(Hathcway et al.. 1984). In our assay, as Uttle as 0.0012 lU/ml of type A specific 
andbodies could be measured. 

We have compared the twocunentfy avaihdife commereial products (Botox® and 
Dysport®) to two type A toxin preparations made at the Food Research Institute and one 
type A toxin preparation currendy undei^^g cUnical trials (ASB). The two preparations 
made at the Food Research Institute had speciflcactivincs that ISLDsoAigforiypeA 
toxin compIexand96U>50ftigforp«rified^AneuroioxiB. Boiox® has been repoittd 
to contain 2.5 LDso^ng which gives it the lowest specific activity among those tested. Our 
results of 4.3 LD^ng were sUghtly higher than this value. The data from the ampUGed 
ELBA assay correlates weU with this estimate as 2.5 LDsc/ng x 36L3 ng » 90.75 
LDso^nal. However, the average of the toxin titradons of die indi\idual vials gives a 
specific toxicity of 3.7 LDsoTng. Using die same approach, die specific toxicity of 
Dysport® used in this study was cstimaied to have a specific acdvity of 434 LDsi/vi^ 
16.95 ng^ which equals 25.6 LPs(/ng. This is close to the ^edGc activiiy expected 



wlhchromatographfcaUypurified^Atoxincomplexihathas^ 

conditions allowing recovciy of 75^% of the active nam (Goodnough and Johnson, 

manusciipt in preparation). 

Lesserquantities by wdgbt of the preparations with higher specific activity wefe 
injected (sec Table 1). On a weight basis. 10 LD50 of purified type A neurotoxin with a 
spedficioxicityof96LD5i/ngwaseqnaItal04pg. TcnLDjoof the ^ A complex with 
a spedfc toxWty of 1 8 IJDsi/ng which was purified at the ft^ 
appraxhnatly 550 pg. Since less toxin is being given, the immune system of the animal is 
exposed 10 less of the antigenic substance. Additionally, it has been shown that the non- 



moie antigenic than the toxin itself (Sakagnchieial.. 1974; GeoigeDoellgast. personal 
communication). Hdioe, the non-toxic components could be acting as adjuvants 
stimulatingastiongcriramuneresponscthanamore purified toxin. An additional adjuvant 
pieseni in aU vials of lyophilized toxin is toxoid of die specific toxin Wd duiing 
handfingandlyophilizaiionofihetoxmitselt This problem can be leduad by np «, io 
fold by utilizing the appropriate formulation and drying conditions (Goodnough and 
Johnson. 1992). 

Possible solutions to the proMem of antibody foimaiion in patients being trealed for 
spasticmuscledisoidcisinclude: use of botulinal toxins wtdx higher spedficacdvities. 
including those which have been chn)matogiaphicaUypurir«df«)mtte 
non-ioxic and hemagglutinaiing fractions, and b). implemeniaiioo of drying processes 
which resuh in a higher percent lecovenr of active toxin 10 mimmiic 
piescnccoftoxoidsofdietoxin. Nanowingd« range of pecnitiedLPso's per vial by the 
Food and Drug Administration from ± 30% (which allows for «p » 1 30 LD50 of l«xin in a 
given viaD 10 some lower value (e.g. 10-20%) would reduce the chance of inadveru^ 
adminisimtionof excess toxin. Such an excess could not only further stimulate the 



production of antibodies fay a pati^tbut could also result in dangerous side-effects such 
ptosis and inadveriant paralysis of louscles at sites distant from the inj ec tion. 
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Conclurions and commftnt^^ry 

There is a need for st anrt an ti Tation regarding bolulinai toxins as used in the medical 
fidd. This became veiy evident daring the IhieragencyBotuIi^ 
Committee conference on botutiniun toxins held in Madison, WI in December of 1993. 
Ilie curmu definition of a link of botolinum toxin used pfeannaceutfcally is one unit of 
toxic activity is eqmvaleu 10 1 mouse intiaperiioneal m lethal dose or 1 U^s^ 
a couide of difficulties, however, in nnng die lerm "tonit' when peaking of bomlinum 
toxin. It has become apparent that some leseaidieis and cfinidm who use ihs torn 
humans do not have a fiiD nndecstanding of this convention. FrequenUy. the unit of iwdn 
is written about and spoken of as an intemationalimiL An international unit is a description 
of aqnantiiy of aoti-ioxin not toxin. One international unitof andioxin is equivalent to 
10,000 LDso of lypes A. B, C D, and F loxin. Also, one international unit of antitoxin is 
equivalent to 1,000 LD50 of type E toxin. A standard unit needs to be defined for 
biological toxicity of botuKnal toxin including the qg of toxin and non-neuiotoxin proteins 
ineachiKeparatiom 

An additional point of confusion is the definition of a 50% lethal dose of 
botulinwn toxin. The dose is usually referenced in terms of the amount needed lo kill half 
of a population of while mice. However, the goal in tieating padents with botulinal toxin is 
not to Icili half of the population butmherto treat a given muscle group with enough toxin 
to dicil the desired response. Another biological unit has been proposed, the median 
paralysis unit, which is less than an LD50 but more difficult to quantitate as it cuirendy 
involves mjecting an amount of toxin into hind limb muscles of mice and rats and 
observing die regional paralysis and duration of the paralysis. More woik will need 10 be 
done on this idea if it is going (0 be generally accepted and used consistendy by 
independent laboratories. It wiU be necessary to devdop a simplified procedure widi a 
definite end point ifit is going 10 supereede the LD50 as a unit of measuremenL An 



addiriondcomplicationisthefaaftatthevarioustoxins^^ ' 
ofaction. ThereisevenevideiK^ihatdiffen^ntstra^ 

differing dwaiionsof action. So. for a given amount ofdenen.ation needed to achieve 
reliefiromaparticiJar<tystonIa.theamoantofioxin^ , 
«rotypeusedandpossiWyforcachstianinanindivid^ OnlyseiD^A 
ptoduccdbyonesiniiniscunenUybeingusedinti^Umte^ Iiwll be necessary to 
develop otfK^seK,types and straii^since an increasing number of pa^^ 
neutralizing antibodies to (he canentpRjdoct. 

Tl^reisaneed for an aIienu«h«botuln«d toxin pi^^^ 



^intheUnitedSutes. Tl»cunentpn«lucthasaveiy low specific activity for type 
A toxin complex whidi when coupled widi ti« potent Ibnntd^ 
process andusion of sodium chloride and alhdioc pH) ^suJts m 
toxinthaniractivetoxoid. Thcconseqnenc«of this are that the patients being treated with 
themate™iaiedevetopingantibodiesatanalaimingra,e. Adiffaentpioductthat was 
designedtoalleviatetheabovcconcen^wouldcenainlybeanimp^ jt^^^ 
purif^dneurotoxinshasbecn shown hen: to bepossibleinaph^ 
use of such mterialbconcertwithadryingcxcipient that would all^ 
storage of the tnaterial at loom tempenioie would leduce the major drawbado witi, 
extended use of homlinal toxin as a therapeutic. 

Futuie considerations that may sprite from some of this tcseaichi^^^ 
thefoUowing: I. «w methods of detennimngtitc antigenicity of individual protein 
pharn««e„ticalp«:pSrationsusing«vA« methodology. 2. further investigation into the 
medianisms of inactivation of protein phannaceoticals during preparation.^^ 
storage.and3. <'^Iopmeni of additional botulimm, toxin set«j^ and combing 
serotypes to neat patients with focal dystonias 
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The nofion that the toxin and noo-toxic binding proteins themselves are capable of 

passing through the intestinal banicr may be a novd method of deUvecy of other 
pharmaceutical compounds. This possibiUty was not exploied in this thesis but may 
wanantfurtherattention. Also, limited wodc has been done legaixfing die devdopment of 
chimeric toxin jnolecutes that exploit die specificity and binding a£Smty of the heavy chain 
of bonilinum toxin. It may be possible to develop other phannaceaikals that afttaigei^ 
the teimiaal neurons using this specificity. 

Diugdeliveiy is one aspert of boiuHnal loxin therapy that has not been 
addressed Possible future woik coold include the development of a sustained release 
fbnnulaiioii diat would be ^ilar to die connacepdve Noiplant where the pharmaceutical is 
released slowly ihrwghdiflusionfiiora an inertcaiTiersachashM^ Hypoiheiically named 
-Toxplant-, the advantages of using such a delivery would be diat dietieaiment intervals 
couldbeexiendBdtomanymonihsorevenyeais. The cunent tieainients involve 
iniramuscular injecdons every 2-3 months which can be painful. Further, very low 
amounts of the toxin would diffuse out fiom such a delivery vehicle maintaining the desired 
efBsci on the neuMoscular junction while avoiding stimulation of the immune system by 
only releasing veiy smaU quanUdes at any given time. 

Since Uieie are different laigei proteins for each toxin seio^ combining two or 
more to>dn serotypes may allow the use of much tower quantities of toxin duough 
synergisticefTects. to the same vein, the use of a combination of bouilinal neurotoxin and 
a cMmerie toxin fliat uses the binding specificity and afrmiiy of botulinal neurotoxin heavy 
chain and the active portion of a toxin thai would slow or inhibit the respcouting of nerve 
terTninaIs(thcprimaryreasonfornMnsuingpaticnl$)wouldbeadvM Sucha 
chimeric toxin might be one diat inhibits protein sysnthesis such as some of die ADP- 
ribosylating toxins including diphdieiia toxin, ridn, and botulinal toxins Cz and C3. 



